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Three reliable analytical methods were developed based on a simple and rapid sample 
preparation followed by ultra performance liquid chromatography with electrospray 
ionization tandem mass spectrometry (UPLC-ESI-MS/MS) for the determination of 13 
quinolones, 9 cephalosporins, and trimethoprim in livestock and marine products (beef, 
pork, chicken, milk, egg, flatfish, jacopever, common eel, and shrimp). The proposed 
methods were validated according to the CODEX guidelines and applied in the survey of 
in a total of 1012 samples of livestock and marine products commercialized in Korea.  
In the first study, a simple and specific analytical method was developed for the 
simultaneous determination of 13 quinolones (ciprofloxacin, danofloxacin, difloxacin, 
enrofloxacin, flumequine, marbofloxacin, nalidixic acid, norfloxacin, ofloxacin, 
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orbifloxacin, oxolinic acid, pefloxacin, and sarafloxacin) using UPLC-ESI-MS/MS and 
all results fully complied with CODEX recommendation. Good linearities were achieved 
and the correlation coefficients were ranged between 0.9992 and 0.9999. The recoveries 
of 13 quinolones were higher than 80%, the limit of detection (LOD) and limit of 
quantitation (LOQ) were lower than 0.1 and 0.4 μg/kg, respectively. Besides, the matrix-
matched calibration curve and internal standard (IS) played a significant role in 
compensating for the matrix effects. A survey for 13 quinolones residues was conducted 
on 310 livestock and marine products. Oxolinic acid, enrofloxacin, and flumequine were 
the most commonly detected antibiotics. The residues of quinolones were detected on 104 
samples (33.5% incidence) but residue levels were below the MRLs. Detected 
concentrations were 0.1-100.0 μg/kg and the risk value (EDI/ADI, %) were safe levels 
between 0.0005% and 0.612%. However, pefloxacin was detected in one common eel 
sample above the legal residue limit and the detected concentration was 62.4 μg/kg.  
In the second study, a sensitive and reliable method was developed and validated for 
the simultaneous determination of 9 cephalosporins (cefacetrile, cefazolin, cephapirin, 
desacetyl cephapirin, cefalexin, cefalonium, cefoperazone, cefuroxime, and cefquinome) 
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and all obtained results were satisfied with CODEX recommendation. The use of UPLC-
ESI-MS/MS with polarity switching ionization mode improved the sensitivity and 
reduced analysis time, allowing the identification and quantification of 9 cephalosporins 
in 5 min. Because of the matrix effects, matrix matched calibration curves with IS were 
used for quantification to determine cephalosporin residues in samples. Good linearities 
were acquired and the LOD and LOQ were lower than 8 and 25 μg/kg, respectively. The 
survey for the 9 cephalosporins residues was conducted on 333 livestock and marine 
products. The residues were detected in only 12 livestock products (3.6% incidence) but 
residue levels were below the MRLs and the detected cephalosporins were cefalonium in 
beef and cefquinome in milk. Detected concentrations were from 1.10 to 9.77 μg/kg in 
beef and 7.50 μg/kg in milk. The risk value was very safe level of 0.02% in cephalonium 
and 0.01% in cefquinome.  
In the third study, a specific and simple analytical method was developed using UPLC-
ESI-MS/MS for the determination of trimethoprim. The sample preparation through the 
ultrasonic-assisted extraction and SPE clean-up procedure was improved the recovery and 
reduced the matrix effect. The recoveries were higher than 70% and the LOD and LOQ 
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were lower than 0.3 and 1.0 μg/kg, respectively. The survey for the trimethoprim residue 
was conducted on 369 livestock and marine products. The residues of trimethoprim were 
detected in 7 marine products (1.9% incidence) but residue levels were below the MRL. 
Detected concentrations were 1.17 to 16.43 μg/kg in jacopever, 40.0 μg/kg in flatfish, and 
13.3 μg/kg in common eel. The risk value was safe level of 0.13%.  
In conclusion, the methods developed in this study were more reliable and accurate for  
screening, quantification, and identification of 13 quinolones, 9 cephalosporins, and 
trimethoprim residues in livestock and marine products and could be successfully 
applicable in field samples. The resulting residue level of 13 quinolones, 9 cephalosporins, 
and trimethoprim appeared to be relatively safe. However, the quinolones and 3
rd
 - & 4
th
 -
generation cephalosporins were classified as critically important antimicrobials for human 
medicine (CIA) and trimethoprim and 1
st
 - & 2
nd
 -generation cephalosporins were 
classified as highly important (HIA) from World Health Organization (WHO). In addition, 
quinolones, cephalosporins, and trimethoprim were classified as veterinary critically 
important antimicrobials (VCIA) from the Office International des Epizooties (OIE). 
Thus, a strict guideline for the use of antibiotics and continuous survey on antibiotic 
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residues is needed to ensure the safety of animal origin foods. The methods developed in 
this study will help to implement such guidelines of CODEX on the use of antimicrobials. 
—————————————————————————————————— 
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As the food culture in Korea changes from traditional Korean style to western one, 
the consumption of foods originated from livestock, poultry, and fish increased 
dramatically for last decades, and the transition forced livestock and aquaculture industry 
turned into large and dense breeding system. Antibiotics have been administered to 
animals for prevention and treatment of infectious diseases and widely used at sub-
therapeutic levels for growth promotion of livestock and aquaculture farms. The global 
consumption of antibiotics for animals has been estimated to be between 100,000 and 
200,000 tons/year (Zucatto et al., 2010). Although the annual sales of antibiotic in Korea 
was greatly decreased from 1,450 ton in 2006 to 630 ton in 2014 (KAHPA, 2015), the 
sales of phenicols and cephalosporins increased by 1.9 and 2.3 times from 2006 to 2014, 
respectively (QIA, 2015). Antimicrobial treatments have several benefits, but when large 
quantities of specific types of antibiotics are supplied, adverse effects, such as appearance 
of drug resistant microorganisms, can be manifested (Blasco et al., 2009). In Korea, 
resistance against tetracyclines have remained high (≥75%) and resistances against 
xvi 
 
ciprofloxacin, chloramphenicol, ceftiofur, and trimethoprim/sulfamethoxazole have 
increased steadily since 2008 (QIA, 2015).  
Moreover, misuse and overuse of antibiotics could be caused by livestock owners. Since 
antibiotics have been used with long-term administration in low concentrations, the 
presence of antibiotic residues in animal originated foods may increase antibiotic 
resistance of pathogens and can threaten public health. To minimize the exposure of 
antibiotics to humans, many countries established maximum residue limits (MRLs) for 
antibiotics residue in food producing animals. The European Union (EU, Commission 
regulation No. 37/2010, 2010) and the Joint FAO/WHO Expert Committee on Food 
additives have set up the MRLs in animals producing milk, muscle, fat, liver, and kidney. 
The Positive List System of Japan contains MRLs in animal and marine products. In 
Korea, the MRLs have been established from 1990s by the Ministry of Food and Drug 
Safety and currently, have been set for 185 kinds of antibiotics. Due to the expansion of 
international regulations on MRLs in recent years, more sensitive and specific analytical 




In these studies, multi-residue analytical methods were developed for the 
determination of 13 quinolones, 9 cephalosporins, and trimethoprim in livestock and 
marine products using UPLC-ESI-MS/MS. The high selectivity, sensitivity, and 
versatility of UPLC-ESI-MS/MS have allowed the successful quantification of antibiotic 
residues in livestock and marine products. Moreover, these studies were applied to 
monitoring of antibiotic residues in field samples and risk assessments for multi-






Development of multi-residue analytical method for 13 
quinolones and application to the residue monitoring  








The aim of this study was to develop and validate a specific ultra performance liquid 
chromatography with electrospray ionization tandem mass spectrometric method (UPLC-
ESI-MS/MS) for simultaneous determination of 13 quinolones (ciprofloxacin, 
danofloxacin, difloxacin, enrofloxacin, flumequine, marbofloxacin, nalidixic acid, 
norfloxacin, ofloxacin, orbifloxacin, oxolinic acid, pefloxacin, and sarafloxacin) in 
livestock and marine products. The analytical method involved the sample preparation 
based on solvent extraction without further clean up procedure. All samples were 
deproteinized with acidified acetonitrile, followed by defatting with acetonitrile-saturated 
hexane. Because of matrix effects, matrix matched calibrations with internal standard 
were used for quantification during the determination of the quinolones residues in 
samples. 
The proposed method was validated according to the CODEX guidelines and all 
results fully complied with CODEX recommendation. Good linearities were achieved and 
the correlation coefficients ranged between 0.9992 and 0.9999 depending upon antibiotics. 
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Both the limit of detection and limit of quantitation for this assay were lower than 0.1 and 
0.4 μg/kg, respectively, and these values were below the maximum residue limits (MRLs) 
established by the Korean Food Code. Recoveries (%) were in the ranged of 87.5 to 
104.7% for livestock products and 83.0 to 100.9% for marine products, respectively. The 
relative standard deviations (RSD, %) of repeatability ranged from 0.33 to 3.72 and 
reproducibility ranged from 0.71 to 6.75 depending upon sample species. This 
quantitative method has many advantages including simple preparation step, rapid 
determination, and high sensitivity, which could be applied to the determination and 
quantification of quinolones residues in livestock and marine products. The monitoring 
results revealed that quinolones were detected in 104 out of 310 livestock and marine 
products (33.5% incidence) but residue levels were below the MRLs in the Korean Food 
Code and the risk value was very safe level. Of samples, 1 common eel containing 






The quinolones and fluoroquinolones are a family of synthetic broad spectrum 
antibiotics and the most frequently employed. These drugs are administered at therapeutic 
doses to treat bacterial infections in food-producing animals, such as cattle, swine, turkey, 
and chicken (Junza et al., 2011) and also used at sub-therapeutic doses as prophylactics. 
They are active against Gram-negative bacteria as well as Gram-positive bacteria by 
inhibiting DNA topoisomerase (Scortichini et al., 2009). Nalidixic acid is the first 
generation of the quinolones approved on 1963, by Food and Drug Administration for the 
treatment of urinary tract infections (Eleni et al., 2007) and structural modifications have 
resulted in the second, third, and fourth generations of the (fluoro)quinolones which have 
improved coverage of Gram-positive organisms (Roberta et al., 2009). Nowadays, they 
are widely used in the treatment of respiratory diseases and enteric bacterial infections in 
humans and food-producing animals and aqua-cultured fish (Hermo et al., 2006). Since 
2000 there has been a significant progressive increase in the use of the quinolones in 
animal production (Strolker and Brinkman, 2005; Di Corcia and Nazzari, 2002). It has 
produced more chance of their residue in the animal origin foods and led to the 
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emergence of fluoroquinolone-resistant bacterial strains in animals (Rodriguez et al., 
2011). It could cause many health problems in humans, such as the transmission of 
fluoroquinolone-resistant bacteria (e.g. fluoroquinolone-resistant Campylobacter and 
Salmonella) to humans since the early 1990s (Fabrega et al., 2011; Okeke et al., 2005). 
To minimize the exposure of antibiotics to humans, many countries have been 
establishing MRLs for quinolones residue in foodstuffs (Table 1). The European Union 
(EU) has established the MRLs of veterinary drugs in animal origin foods, and some of 
them are quinolones (Council Regulation No. 2377/90). In addition, the EU and the Joint 
FAO/WHO Expert Committee on Food additives have set up the MRLs in several animal 
tissues, milk, and eggs (Rubies et al., 2007). The Italian National Residue Control Plan is 
very precise: samples taken at slaughterhouse are screened for the presence of 
residues/metabolites on the basis of MRLs (Luca et al., 2015). According to the Australia 
and New Zealand Food Standards Code, residues of quinolones cannot be detected in any 
foodstuff for domestic consumption and the only exception is set for oxolinic acid in 
pacific salmon at 0.01 mg/kg (Lesley et al., 2002). In Korea, the 13 quinolones are 
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permitted for prevention and treatment of animal disease. The MRLs and the withdrawal 
period were established by the Ministry of Food and Drug Safety (MFDS) (Table 2).   
As the MRLs of veterinary drugs are very low level, they have been demanded to 
improve the specific and sensitive analytical methods for the multi-residue analysis. 
Many published papers have been reported for analysis of the (fluoro)quinolones residues 
in livestock and marine products. Liquid chromatography (LC) is the most frequently 
used for separation (Belal et al., 1999; Hernandez-Arteseros et al., 2002), mainly coupled 
with ultraviolet (UV) (Eleni et al., 2007: Bailac et al., 2004; Pecorelli et al., 2003), or 
fluorescence detector (Herranz et al., 2007; Zeng et al., 2005). However, some methods 
either covered only several compounds of (fluoro)quinolone or were time-consuming for 
sample preparation. Immunoassay (Ashwin et al., 2009; Anne-Catherine et al., 2006) 
have been sometimes used for analysis of (fluoro) quinolones and provided a rapid 
screening test. But it is difficult to apply a multi-residual detection. Thin-layer 
chromatography (TLC) (Juhel-Gaugain and Abjean, 1998), gas chromatography (GC) 
(Asami et al., 2000), and capillary electrophoresis (CE) (Ana et al., 2006) have been 
rarely applied.    
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Recently, several reports are focused on accurate and sensitive confirmatory 
quantification methods, such as liquid chromatography combined to tandem mass 
spectrometry (LC-MS/MS). These procedures included only one sample of interest, for 
instance, milk (Junza et al., 2014; Lina et al., 2011; Hong et al., 2009; Sara Bogialli, 
2008), gilthead sea bream (Romero-Gonzalez et al., 2007), egg (Anna et al., 2012; 
Antonia et al., 2010; Sara et al., 2009), shrimp (Christine et al., 2007), bovine muscle 
(Rubies et al., 2007), turkey (Lorena et al., 2015), and swine plasma (Garces et al., 2006). 
Besides, compared to LC, UPLC increased resolution and sensitivity, as well as 
considerably decreased sample analysis time and mobile phase solvent consumption 
(Junza et al., 2011; Stolker et al., 2005). 
Therefore, the purpose of this study was to develop a rapid and reliable analytical 
method for the simultaneous determination of 13 quinolones in 9 species of livestock and 
marine products (beef, pork, chicken, egg, milk, flatfish, jacopever, common eel, and 
shrimp) using UPLC-ESI-MS/MS. Furthermore, this paper was investigated the residues 




MATERIALS & METHODS 
 
Chemical and materials 
Ciprofloxacin (CIP), danofloxacin (DAN), difloxacin hydrochloride (DIF), 
enrofloxacin (ENR), flumequine (FLU), marbofloxacin (MAR), nalidixic acid (NAL), 
norfloxacin (NOR), ofloxacin (OFL), orbifloxacin (ORB), oxolinic acid (OA), pefloxacin 
mesylate dehydrate (PEF), and sarafloxacin (SAR) were supplied by Sigma-Aldrich (St 
Louis, MO, USA). Piromidic acid (PIR) from Sigma-Aldrich was used as an internal 
standard (IS). The molecular structures were described in Fig. 1. 
HPLC grade acetonitrile and methanol were obtained from Burdick & Jackson (Ulsan, 
Korea). Hexane and formic acid (98%) were purchased from Merck (Darmstat, Germany). 
Acetic acid (99.9%, HPLC grade) was supplied by J.T Baker (NJ, USA) and 
trichloroacetic acid (99.0%) by Sigma-Aldrich (St Louis, MO, USA). Ultrapure water 
was purified with a MILLI-Q system (Milipore, Bedford, MA, USA). All solutions 





Preparation of standard solutions 
Each individual standard, such as CIP, DAN, DIF, ENR, FLU, MAR, NAL, NOR, OFL, 
ORB, OA, PEF, and SAR, was made by dissolving in methanol. Stock standard solutions 
(50 μg/mL) were obtained and stored at 4℃ in the dark for no longer than 2 months. 
Working standard solutions (1 μg/mL) were prepared daily by mixing individual stock 
solutions and diluted in 0.1% formic acid in 10% acetonitrile (v/v). Piromidic acid (IS) 
was prepared by dissolving solution at the concentration of 100 ng/mL.  
 
Instrumentation  
An AT 261 analytical balance (Mettler Toledo, Greifensee, Switzerland) was used in the 
preparation of standard solutions. A REAX TOP vortex mixer (Heidolph, Schwabach, 
Germany), POWER SONIC 520 sonicator (Hwashin Tech., Seoul, Korea), and Allegra X-
22R centrifuge (Beckman Coulter, Alle, USA) were used in sample extraction.  
UPLC equipment was an Acquity ultra performance LC (Waters, MA, USA) and ESI-
MS/MS measurements were performed using a Quattro premier XE (Waters). Data was 





Sampling was set in accordance with the 「Sampling with probability proportionate to 
size」and species and number of samples were determined on the basis of the 
consumption of food according to the 「National Health and Nutrition Examination 
Survey, 2011」. Each sample was purchased at least two and sampling points within the 
sampling area were not biased.  
As a result, livestock and marine products (n=310) including beef (n=59), pork (n=49), 
milk (n=29), egg (n=27), chicken (n=34), flatfish (n=26), jacopever (n=29), common eel 
(n=27), and shrimp (n=30) were purchased from different markets in Seoul, Busan, 
Incheon, Daegu, Daejeon, Gwangju, and Ulsan. Details were given in Fig. 2. All solid 
samples were finely ground with blender and stored in a freezer at -20℃ until use. 
 
Preparation of spiked samples and standard  
One sample of each matrix was repeatedly measured to confirm that no 13 quinolones 
were present and was used for the preparation of matrix-matched calibration standards 
and fortified samples for the validation of the proposed method.  
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Blank samples of beef, pork, chicken, egg, milk, flatfish, jacopever, common eel, and 
shrimp were homogenized and stored at -20℃ until use. Fortified samples were prepared 
by spiking 100 μL of diluted working solutions at the concentration of 0.2, 0.4, and 10 
μg/kg for DIF, ENR, FLU, NAL, OFL, and SAR, and 0.4, 0.8, and 10 μg/kg for CIP, 
DAN, MAR, NOR, ORB, OA, and PEF by using 0.1% formic acid in 10% acetonitrile 
(v/v).  
 
Matrix-matched calibration curves 
Quantification was carried out using matrix-matched calibration curves with IS. The 
blank samples (beef, pork, chicken, milk, egg, flatfish, jacopever, common eel, and 
shrimp) were used as matrix and fortified with working standard solutions.  
The seven point matrix-matched calibration curves were prepared with the blank 
samples spiked with 0, 0.2, 0.4, 1.0, 2.0, 4.0, and 10.0 μg/kg for DIF, ENR, FLU, NAL, 
OFL, and SAR, and 0, 0.4, 0.8, 2.0, 4.0, 8.0, 10.0, and 20.0 μg/kg for CIP, DAN, MAR, 
NOR, ORB, OA, and PEF. Piromidic acid (IS) was spiked in all of these samples at the 
concentration of 4 μg/kg. Each sample was submitted to the full extraction procedures. 
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The calibration curves for 13 quinolones were constructed by plotting the response 
factor (the ratio of peak area of analyte vs. peak area of internal standard) as a function of 
the analyte concentration. Separate calibration curves were used for each sample.  
 
Extraction procedure 
Homogenized sample (1 g) of beef, pork, egg, chicken, flatfish, jacopever, common eel, 
and shrimp and 1 mL of milk were accurately weighed and taken into a 50 mL disposable 
polypropylene centrifuge tube. Selected quinolones standard solutions (only for the 
matrix-matched calibration curves) and IS were directly spiked. The spiked samples were 
stood in the dark at room temperature, for at least 10 min, to allow the interaction 
between the quinolones and the matrix. The samples were added with 2.5% 
trichloroacetic acid (1 mL) and shaken on a vortex mixer (Heidolph Reax top, Heidolph, 
Schwabach, Germany) for 1 min. After addition of 1% acetic acid in acetonitrile (15 mL), 
the samples were mixed again for 1 min and centrifuged (Allegra X-22R, Beckman 
Coulter, Brea, CA, USA) at 1000×g for 15 min to induce the precipitation of proteins. 
The supernatant was carefully filtered through a syringe filter (Whatman
®
, PVDF memb- 
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rane, pore size 0.45 μm) and poured into a separating funnel. Acetonitrile-saturated 
hexane (15 mL) was added and intensionally agitated for 5 min. The lower layer was 
transferred into a 20 mL glass tube and evaporated to dry at 45℃ under a stream of 
nitrogen (EYELA GM-2200, Tokyo, Japan). The dried residue was dissolved in 1 mL of 
0.1% formic acid in acetonitrile and filtered through a syringe filter (Whatman
®
, PVDF 
membrane, pore size 0.2 μm) prior to UPLC injection. A schematic diagram of the sample 
preparation was presented in Fig. 3. All samples were analyzed in triplicate and results 




The quinolones were separated on an Acquity UPLC BEH C18 column (2.1 mm × 100 
mm; 1.7 μm particle size, Waters). Mobile phase A was purified water containing 0.1% 
formic acid (v/v), and mobile phase B was acetonitrile. The gradient conditions were 
initiated with 90% mobile phase A followed by a linear decrease to 30% in 5 min, 0% in 
0.5 min, and maintained for 1 min at 0%. At 6.6 min, the gradient was programmed to re- 
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equilibrate the column for 1.5 min under initial conditions. The run time for each 
injection was 8 min. The flow rate was 0.3 mL/min and the injection volume was 20 μL 
in full-loop mode. Details were given in Table 3. 
MS determination was performed with MRM experiments in ESI positive ion mode 
combined with monitoring of the most abundant MS/MS (precursor→product) ion 
transitions using a dwell time of 0.03s. Detailed parameters for MRM acquisition were 
presented in Table 4. The MS parameters were as follow: capillary voltage, 3.0 kV; source 
temperature, 150℃; desolvation temperature, 350℃; cone gas (N2) flow, 50 L/h; and 
desolvation gas (N2) flow, 800 L/h. 
 
Method validation 
The method was validated according to the CODEX guideline (FAO, 2009). The 
validation parameters to evaluate the method were linearity, LOD, LOQ, precision 
(repeatability and reproducibility), and accuracy (Table 5). 
 
Linearity 
Linearity was evaluated using the squared correlation coefficients (r
2
) of 7-points  
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matrix-matched standards curves, which were based on extracts of blank samples (beef, 
pork, milk, egg, chicken, flatfish, jacopever, common eel, and shrimp). The calibration 
ranges were from 0 to 10 μg/kg for DIF, ENR, FLU, NAL, OFL, and SAR, and from 0 to 
20.0 μg/kg for CIP, DAN, MAR, NOR, ORB, OA, and PEF, respectively.  
 
Limit of detection and quantitation 
The LOD is the lowest concentration of analyte that an analytical process can reliably 
differentiate from background levels, while the LOQ is the lowest concentration of 
analyte that can be quantified. LOD and LOQ values were calculated based on signal-to-
noise ratio (S/N) values of 3.3 and 10, respectively.  
 
Precision  
The precision was expressed as a percentage of RSD (%), which was performed in a 
single laboratory. Intra-day and inter-day precision (repeatability and reproducibility) 
were performed at 3 different concentrations (1.0, 4.0, and 10.0 μg/kg). The intra-day 
analysis was achieved through six replicates, and the inter-day analysis was obtained 




The accuracy was expressed as a percentage of recovery, which was performed in a 
single laboratory. Accuracy was evaluated through 3 different fortification levels; LOQ 
(0.2 or 0.4 μg/kg), 2×LOQ (0.4 or 0.8 μg/kg), and 10 μg/kg. Six replicates per each 
sample were performed and the results were expressed as a mean value of the total 




RESULTS & DISCUSSION 
 
Method validation 
One sample of each matrix was repeatedly measured to confirm that no 13 quinolones 
were present and was used for the preparation of matrix-matched calibration standards 
and fortified samples for the validation of the method. The proposed method was 
validated with UPLC-ESI-MS/MS according to the CODEX guideline (FAO, 2009) for 
quantitative methods. All obtained results were satisfied with CODEX recommendation 
and indicated the stability of the proposed method.  
As shown in Table 6, linearities, LOD, and LOQ for each species of matrices were 
summarized. The linearity was checked with the matrix-matched calibration curves using 
7 calibration points. The linearities were calibrated from 0 to 10 ng/mL for DIF, ENR, 
FLU, NAL, OFL, and SAR and 0 to 20 ng/mL for CIP, DAN, MAR, NOR, ORB, OA, 
and PEF, respectively. Good linearities were obtained and the correlation coefficients 
ranged between 0.9992 and 0.9999 depending upon antibiotics. Furthermore, piromidic 
acid as IS, which significantly increased the linearity of the matrix-matched calibration 
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curves of 13 quinolones. Based on these results, a good linearity was proven and allowed 
coverage of 13 quinolones within the working range.  
The LOD ranged from 0.06 to 0.1 μg/kg and LOQ ranged from 0.2 to 0.4 μg/kg 
depending upon species of samples. The results of LOD and LOQ showed that the 
method were enough to determine the MRLs values in animal origin samples.  
The repeatability and reproducibility (the intra-day and inter-day precision) were 
evaluated in beef and flatfish. The repeatability was evaluated by spiking 2 blank samples 
(n=6 per each matrix) at the validation level (1, 4, and 10 μg/kg) and the reproducibility 
was carried out on 3 consecutive days. Repeatability and reproducibility results are 
presented in Table 7. The RSD (%) of repeatability ranged from 0.33 (Danofloxacin) to 
3.72 (Orbifloxacin) in beef and from 0.43 (Marbofloxacin) to 3.33 (Danofloxacin) in 
flatfish, respectively. The RSD (%) of reproducibility ranged from 0.68 (Marbofloxacin) 
to 4.86 (Oxolinic acid) in beef and from 0.71 (Oxolinic acid) to 6.75 (Flumequine) in 
flatfish, respectively. These results indicate the good precision and reliability of the 
developed method. In addition, the repeatability values expressed as RSD (%) were lower 
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than 30%, which is within the acceptance criteria of the CODEX and satisfied the 
validating analytical methods (Table 5). 
To evaluate method accuracy, recoveries were calculated at 3 different spiking levels. 
Besides, matrix-matched calibration curves were used with IS. Average recoveries of each 
analyte were obtained performing the analysis in 6 replicates for each matrix. Accuracy 
data were recorded in Table 8 and 9.  
Satisfactory results were acquired, with the percentage of recoveries (%) was between 
87.5 ± 5.0 and 104.7 ± 3.7 in livestock products and between 83.0 ± 2.8 and 100.9 ± 1.1 
in marine products, respectively. The results were within the acceptance criteria (60-
120%) of the CODEX validating analytical method (Table 5). The RSD (%) ranged from 
0.4 to 6.0 and from 0.9 to 5.7, respectively. The maximum recoveries were obtained 
under acidic conditions and in the presence of a high percentage of acetonitrile 
(Rodriguez et al., 2011; Marazuela and Moreno-Bondi, 2004). In this work, acetonitrile 
and trichloroacetic acid played an important role in precipitating proteins, which leading 
to obtained higher recovery.  
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In this study, excellent validation parameters were acquired, which indicated that the 
method was suitable for the analysis of quinolones. Furthermore, the use of matrix-
matched calibration curves with IS were able to minimize the difference in the signal 
output of analyte between sample extract solvent and a pure solvent.  
 
Optimization of sample preparation  
The simple and specific analytical method was developed. Sample preparation was 
focused on the establishment of the most suitable conditions used for the simultaneous 
determination of 13 quinolones from livestock and marine products.  
Several extraction solvent mixtures were evaluated. Beef and flatfish blank samples 
fortified with 4 μg/kg of 13 quinolones were extracted with solution of acetonitrile with 
or without 1% acetic acid, and additionally added the solution of trichloroacetic acid in 
different ratio from 1% to 5% (v/v). As shown in Table 10, the combination of 1% acetic 
acid in acetonitrile (v/v) and 2.5% trichloroacetic acid was shown to be the most effective 
recoveries and the lowest RSD (%) of the 13 quinolones.  
The precipitation of proteins is achieved in many cases by adding a strong acid, such as  
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trichloroacetic acid in combination with organic solvents (Andreia et al., 2013). 
Furthermore, acetonitrile and methanol are more efficient as extraction solvents as they 
can simultaneously precipitate the proteins, denature enzymes, and extract the target 
analyte. Many authors prefer acetonitrile over methanol as extraction solvent. Besides, 
methanol extracts too many matrix compounds, complicating the following clean-up 
steps (Marilena and Nikolaos, 2015). In this work, acetic acid and trichloroacetic acid 
was added to samples and acetonitrile was used as the extracting solvent, which promoted 
the precipitation of proteins. Thus, it could be assumed that the matrix components 
responsible for possible interference (such as, signal suppression or enhancement) were 
removed. The obtained results demonstrated acceptable recoveries of all of the 
quinolones, ranging from 91.93% to 102.20% in beef and from 94.06% to 110.80% in 
flatfish. 
In order to accomplish the deproteinization and defatting of samples, the extraction 
with acetonitrile-saturated hexane was performed after centrifugation at 1000×g. 
Moreover, instead of clean-up step, e.g. using SPE cartridge, the solvent extraction 
including the steps of syringe filtration, centrifugation, and agitation step was applied to 
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the samples, thereby simplifying sample handling and reducing the time of sample 
preparation. Antonia et al (2010) reported that solvent extraction provided the good 
recovery for quinolones among the result of comparing extraction procedures, for 
instance solvent extraction, QuEChERS procedure, MSPD, and SPE.  
Furthermore, the residue concentration of veterinary drugs could be different in the egg 
white (albumen) and egg yolk (ovum) (Cornelis and Michael, 2000; Antonia et al., 2010). 
For accurate results, all samples were sufficiently homogenized (at least 3 min). Besides, 
because target analytes have different polarities, and consequently a different distribution 
between albumin and yolk, the method was performed on the whole egg.  
 
UPLC-ESI-MS/MS optimization 
Chromatographic conditions of UPLC were evaluated in order to obtain the good 
separation and retention for the analytes. Several experiments were conducted testing 
mobile phases consisting of distilled water with different concentrations of formic acid 
(0.01, 0.05, and 0.1%, v/v) and acetonitrile (80, 90, 100%, v/v).  
As a result, the addition of 0.1% formic acid in distilled water and 100% acetonitrile (v/v) 
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allowed the best resolution, as well as it enhanced the ionization efficiency. Formic acid 
and acetonitrile were important roles for the formation of well distributed peak and sharp 
peak shape (Lina et al., 2011; Junza et al., 2014). 
Other parameter such as flow rate, injection volume, and gradient profile were studied in 
order to obtain a fast and reliable separation. The best results were acquired when 0.30 
mL was used as flow rate and 20 μL were injected. Several gradient profiles were tested, 
and good response was obtained with the gradient described in Table 3. Besides, in the 
first 2 min of the run time, major interferences are presented due to polar matrix 
constituents that are eluted and co-elution with the analytes would lead to large signal 
suppression (Marilena et al., 2015). Thus, it was necessary that the 13 quinolones began 
to elute after the 2 min of the run time.  
In this work, 8 min of run time was achieved with the optimum conditions for the 
separation of 13 quinolones. The optimal chromatographic separation of 13 quinolones 
was performed with a 2.1 mm × 100 mm column. The UPLC columns consisting of a 
smaller particle size are the possibility of having high efficiency in peak separation, sharp 
peaks, and also a reduction in run time when compared with common HPLC columns 
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(Andreia et al., 2013). The acquired UPLC chromatograms showed a good resolution for 
all the quinolones (Fig. 4) and indicated the excellent specificity of the developed method. 
In addition, the use of an acidic mobile phase (acetonitrile) adjusted with 0.1% formic 
acid promoted positive ionization and maximized sensitivity and resolution, which 
improved the detection of 13 quinolones.  
In MS/MS system, the protonated molecular ion [M+H]
+
 was selected as precursor ion 
for 13 quinolones, and the product ions were obtained according to the collision energy 
(eV). The MRM mode was used to increase the sensitivity and selectivity of the 
determination. To achieve maximum sensitivity for 13 quinolones, MS/MS conditions 
(for example, capillary voltage, source temperature, and desolvation temperature) were 
optimized by direct infusion into the detector of working standard solutions. The results 
of UPLC-ESI-MS/MS ion reconstituted chromatograms for 13 quinolones spiked to 
bovine muscle were presented in Fig. 4. As showed in Table 4, MRM interferences 
between FLU and OXO were observed because the precursor ion and one of two product 
ions were common to FLU and OXO. Therefore, the [M + H]
+
 → [M + H-H2O]
+
 was 







(m/z 262 →202) was used for FLU and [M + H]
+
 → [M + H-OCH2O]
+ 
(m/z 262 →216) was used for OXO, respectively (Hermo et al (2006); Rubies et al 
(2007); Christine et al (2007)). The results of ions transition, obtained from the bovine 
muscle fortified with 10 μg/kg of FLU and 20 μg/kg of OXO, were described in Fig. 5. 
Additionally, for separating FLU and OXO, the gradient condition was increased the 
percentage of mobile B from 10 to 70%. Therefore, there was no interference to be 
observed with the monitored MS reactions.  
To obtain an adequate number of data acquisition points related to peak shape and 
reproducible chromatographic signals, different dwell times (between 0.01 and 0.1 s) 
were evaluated. Good peak shape and reproducible data without a decrease of the 
sensitivity were acquired using a dwell time 0.03 s in 10 quinolones, whereas FLU, NAL, 
OA, and PIR (IS) were obtained using a dwell time of 0.1 s.  
 
Application of the proposed method to animal products 
Quinolones were analyzed in 310 livestock and marine products including 59 beef, 49 
pork, 34 chicken, 29 milk, 29 egg, 26 flatfish, 29 jacopever, 27 common eel, and 30 
shrimp (Table 11). The results are shown in Table 12. The residues of quinolones were 
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detected in 39 out of 198 livestock product samples (19.7% incidence) and 65 out of 112 
marine product samples (58.0% incidence); 7 out of 59 beef samples (11.9% incidence), 7 
out of 49 pork samples (14.3%), 22 out of 34 chicken samples (64.7%), 2 out of 29 milk 
samples (6.9%), 1 out of 27 egg samples (3.7%), 12 out of 26 flatfish samples (46.2%), 
16 out of 27 common eel samples (59.3%), 27 out of 29 jacopever samples (93.1%), and 
10 out of 30 shrimp samples (33.3%) (Fig. 2). The incidence of 13 quinolones residues 
followed the order; jacopever ＞ chicken ＞ common eel ＞ flatfish ＞ shrimp ＞ 
pork ＞ beef ＞ milk ＞ egg.  
Oxolinic acid, enrofloxacin, and flumequine were the most common antibiotics found 
in the detected samples. The kinds of the detected quinolones in livestock and marine 
products are summarized in Table 13. As seen in Table 13, the detected milk samples 
contained only one antibiotic, while residues of more than one antibiotic were found in 
the detected beef, pork, chicken, egg, flatfish, jacopever, common eel, and shrimp. It 
indicated that quinolones were employed as multiple uses in livestock and marine 
products.   
27 
 
Detected concentrations were 0.2 to 20.0 μg/kg in beef, 0.6 to 4.1 μg/kg in pork, 0.1 to 
47.0 μg/kg in chicken, 0.7 to 0.9 μg/kg in milk, 0.3 to 0.5 μg/kg in egg, 0.3 to 21.1 μg/kg 
in flatfish, 0.1 to 100.0 μg/kg in common eel, 0.3 to 22.8 μg/kg in jacopever, and 0.2 to 
5.1 μg/kg in shrimp, respectively. The risk value based on the quinolones exposure by 
food intake was calculated using the EDI (estimated daily intake) and ADI (acceptable 
daily intake). Compared with ADI, the risk value was very safe level of 0.205% in 
sarafloxacin, 0.007% in marbofloxacin, 0.612% in oxolinic acid, 0.027% in flumequine, 
0.090% in enrofloxacin, and 0.004% in difloxacin, respectively. Details were given in 
Table 14 and the food contribution for EDI was described in Fig. 6. 
The detected concentration of pefloxacin in common eel was 62.4 μg/kg. The level of 
residue concentration was above the MRL (not detected in livestock product, fish, and 
shellfish) for pefloxacin in Korean Food Code. Fig. 7 showed the UPLC-ESI-MS/MS 
chromatograms of pefloxacin in detected sample. We assumed that non-observance of the 
required withdrawal period caused the illegal residue of pefloxacin, or the antibiotics 
were used during the transporting after shipment. Besides, the regular and massive use of 
veterinary medicines was seen as a risk factor for direct contamination of products 
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(Mitema et al., 2001; Won et al., 2011). Thus, treatments were carried out in accordance 
with proper usage of veterinary drugs and withdrawal periods were observed. 
In Korea, the annual per capita consumption of livestock and marine products is 
growing and reached 53.5 kg in marine products, 11.5 kg in chicken, 20.9 kg in pork, 
10.3 kg in beef, and 71.6 kg in milk (MAFRA, 2015). Besides, in Korea, many people 
commonly consume sashimi of jacopever and flatfish and enjoy roasted eel. Intensive 
farming, which can lead to a high potential for spread of infectious disease, has been 
maintained to satisfy an increasing demand for marine products. Therefore, the survey of 
quinolone residues in livestock and marine products is significant in Korea. In particular, 
quinolones classified as VCIA (veterinary critically important antimicrobials) from the 
OIE (Office International des Epizooties), and as CIA (critically important antimicrobials 
for human medicine) from WHO (World Health Organization). Considering the 
possibility of antibiotic cross-resistance between human and animal, it requires a proper 





A sensitive and specific method was developed and validated for the simultaneous 
determination of 13 quinolones in livestock and marine products using UPLC-ESI-
MS/MS. The recoveries (%) of 13 quinolones were higher than 80%, the LOD and LOQ 
values were lower than the established MRLs in Korea, and other validation parameters 
were also in accordance with CODEX guideline. The proposed method using UPLC-ESI-
MS/MS involved significant advantages with respect to simple preparation step, high 
sensitivity, speed, and resolution, making it an attractive choice for the analysis of 
quinolones in livestock and marine products. However, the fast gradient used in UPLC 
promoted matrix effects by reducing chromatographic separation between analytes and 
endogenous compound. As a result, the matrix-matched calibration and IS were used, 
which play very important roles in compensating for the matrix effects.  
 The livestock and marine products (n=310) commercialized in Korea were analyzed 
and quantified by proposed method. The residues of quinolones were detected in 104 
samples (33.5% incidence) but residue levels were below the MRLs in Korea Food Code. 
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The risk value was safe level of 0.205% in sarafloxacin, 0.007% in marbofloxacin, 
0.612% in oxolinic acid, 0.027% in flumequine, 0.090% in enrofloxacin, and 0.004% in 
difloxacin, respectively. However, pefloxacin was detected in one common eel above the 
legal residue limit and the detected concentration was 62.4 μg/kg. 
Although this survey results appear to be relatively safe levels, antibiotic residues are 
exposed to consumers. Therefore, we proposed that the monitoring of quinolones in 
livestock and marine products was continued.  
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Table 1. Global organization for registration and establishment of MRLs for veterinary 
drugs 
Country Registration Establishment of MRLs 
Korea 
Animal and Plant Quarantine Agency 
(QIA) 
Ministry of Food and Drug Safety (MFDS) 
Japan 
The Ministry of Agriculture, Forestry and 
Fisheries (MAFF) 
Ministry of Health, Labor and Welfare 
(MHLW) 
USA Center for Veterinary Medicine (CVM) United States Food and drug Administration (FDA) 
EU 
Committee for Medicinal Products for 
Veterinary use (CVMP) 
European Medicines Agency (EMEA) 
Australia 
Australian Pesticides and Veterinary 
Medicines Authority (APVMA) 
Food Standards Australia New Zealand 
(FSANZ) 
New Zealand 
New Zealand Food Safety Authority 
(NZFSA) 




Table 2. Maximum residues limits of 13 quinolones in Korea  
Compound Food mg/kg 
Enrofloxacin+Ciprofloxacin Cattle, Pig, Sheep, Goat, Poultry 0.1~0.3 
Egg Not detected 
Fish, Crustacean 0.1 
Milk 0.05 
Danofloxacin Cattle, Poultry 0.1~0.4 
Pig 0.05~0.2 
Milk 0.03 
Difloxacin Cattle, Pig, Sheep, Goat 0.4~1.4 
Poultry 0.3~1.9 
Fish, Crustacean 0.3 
Flumequine Cattle, Pig, Sheep 0.2~1.5 
Poultry 0.4~1.0 
Fish, Crustacean 0.5 
Marbofloxacin Cattle, Pig 0.05~0.15 
Milk 0.075 
Nalidixic acid Cattle, Fish 0.03 
Orbifloxacin Cattle, Pig, Milk 0.02 
Oxolinic acid Cattle, Pig 0.05 
Chicken 0.15~0.1 
Fish, Crustacean 0.1 
Ofloxacin, Pefloxacin, Norfloxacin Livestock products, Fish, Crustacean Not detected 
Sarafloxacin Poultry 0.01~0.08 
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Table 3. Analytical conditions of UPLC-ESI-MS/MS for analysis of 13 quinolones 
 Items Conditions 
LC 
Instrument Acquity ultra performance LC 
Column Acuity UPLC BEH C18 (2.1×10 mm, 1.7 um) 
Mobile phase 
A: 0.1% formic acid in DW 
B: Acetonitrile 
Gradient 
Time (min) A (%) B (%) 
Initial 90 10 
5.0 30 70 
5.5 0 100 
6.5 0 100 
6.6 90 10 
8.0 90 10 
 
MS 
Flow rate 0.3 mL/min 
Injection volume 20 μL 
Instrument Quattro Premier XE 
Ionization mode ES+ 
Capillary voltage 3.0 kV 
Source temperature 150℃ 
Desolvation temperature 350℃ 
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Table 4. MRM conditions of the MS/MS for the detection of 13 quinolones 
Compound 
MRM transition (m/z) 














































































Table 5. Accuracy and precision ranges as requirements in CODEX guidelines 
Concentration 
(μg/kg) 
Coefficient of variability (CV) 
(Repeatability, %) 
Acceptable recovery (%) 
≤ 1 35 50 - 120 
1 to 10 30 60 - 120 
10 to 100 20 70 - 120 
100 to 1000 15 70 - 110 
≥1000 10 70 - 110 
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Table 6. Validation parameters for detection of 13 quinolones using UPLC-MS/MS 









Ciprofloxacin y = 0.137x + 0.004 0.9998 0.1 0.4 
Danofloxacin y = 0.031x + 0.001 0.9998 0.1 0.4 
Difloxacin y = 0.105x + 0.007 0.9996 0.07 0.2 
Enrofloxacin y = 0.106x + 0.002 0.9999 0.06 0.2 
Flumequine y = 0.322x + 0.077 0.9992 0.06 0.2 
Marbofloxacin y = 0.122x + 0.035 0.9998 0.1 0.4 
Nalidixic acid y = 0.284x + 0.003 0.9999 0.06 0.2 
Norfloxacin y = 0.042x + 0.009 0.9999 0.1 0.4 
Ofloxacin y = 0.081x + 0.004 0.9993 0.07 0.2 
Orbifloxacin y = 0.218x + 0.050 0.9995 0.1 0.4 
Oxolinic acid y = 0.061x + 0.009 0.9998 0.1 0.4 
Pefloxacin y = 0.080x + 0.123 0.9992 0.1 0.4 




Table 7. Intra- and inter-day precision of 13 quinolones at 3 different concentration levels. 
Compound 
Spiked        
conc. 
(μg/kg) 
Intra-day precision (n = 6) 
 RSD(%)1) 
Inter-day precision (n = 3) 
 RSD (%)1) 
beef flatfish beef flatfish 
Ciprofloxacin 
1.0 1.06 0.96 3.35 3.75 
4.0 3.36 0.57 2.90 2.91 
10.0 1.19 2.20 3.68 1.74 
Danofloxacin 
1.0 1.63 1.08 2.07 2.02 
4.0 1.08 3.33 3.18 2.22 
10.0 0.62 1.41 1.45 2.14 
Difloxacin 
1.0 0.33 0.69 2.12 2.76 
4.0 0.84 0.90 5.25 2.20 
10.0 1.30 1.63 1.12 3.95 
Enrofloxacin 
1.0 0.52 0.57 1.44 1.51 
4.0 2.00 0.75 2.41 0.95 
10.0 1.69 1.16 1.75 1.29 
Flumequine 
1.0 1.41 0.49 1.77 2.94 
4.0 0.45 2.23 3.85 2.00 
10.0 1.07 1.59 1.91 2.53 
Marbofloxacin 
1.0 1.68 2.47 3.97 6.75 
4.0 1.89 1.33 2.20 3.13 
10.0 3.48 0.90 0.68 1.14 
Nalidixic acid 
1.0 0.79 0.43 2.62 1.01 
4.0 1.64 3.30 4.71 0.80 
10.0 2.35 0.62 1.78 1.94 
Norfloxacin 
1.0 0.85 0.93 1.38 0.98 
4.0 1.60 0.91 4.13 4.12 
10.0 1.69 1.97 2.28 2.18 
Ofloxacin 
1.0 1.00 1.44 0.92 1.92 
4.0 3.49 1.22 3.75 1.67 
10.0 1.26 1.16 1.55 1.67 
Orbifloxacin 
1.0 1.46 0.65 2.80 3.05 
4.0 1.87 2.13 1.84 1.99 
10.0 3.72 1.54 0.96 1.02 
Oxolinic acid 
1.0 1.78 2.12 2.22 1.10 
4.0 0.49 0.76 4.86 4.54 
10.0 1.12 0.93 2.01 0.98 
Pefloxacin 
1.0 0.65 0.47 4.60 0.71 
4.0 1.46 0.69 4.27 3.31 
10.0 1.98 1.16 1.00 1.28 
Sarafloxacin 
1.0 0.52 0.58 2.15 1.06 
4.0 1.18 1.20 3.54 3.80 
10.0 2.48 0.95 3.02 1.43 
1) 
 Relatively standard deviation
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0.4 94.0±3.7 3.9 93.8±3.2 3.5 97.0±2.4 2.5 96.9±2.6 2.7 100.4±2.2 2.2 
0.8 94.2±3.7 3.8 96.7±3.8 3.9 97.2±4.1 4.2 96.9±2.5 2.6 101.5±2.9 2.9 
10.0 99.1±2.8 2.9 97.0±2.8 2.9 100.2±1.6 1.6 98.2±2.7 2.7 100.6±1.8 1.8 
DAN 
0.4 98.8±5.6 5.7 95.8±4.7 4.9 94.6±2.2 2.4 97.0±2.4 2.5 98.3±3.4 3.5 
0.8 96.0±2.5 2.6 96.8±3.7 3.8 93.8±4.7 5.0 97.0±3.3 3.4 96.9±3.1 3.2 
10.0 97.5±4.3 4.4 91.3±3.1 3.3 94.2±2.3 2.5 98.2±2.1 2.1 100.4±1.2 1.2 
DIF 
0.2 95.6±2.2 2.3 96.1±3.1 3.2 99.4±2.0 2.0 96.3±3.5 3.6 97.8±2.1 2.1 
0.4 93.3±2.2 2.4 96.3±4.8 5.0 97.6±4.1 4.2 98.2±2.1 2.2 95.5±4.1 4.3 
10.0 96.0±4.6 4.8 97.1±2.3 2.4 99.5±1.6 1.6 100.0±0.5 0.5 102.6±1.6 1.5 
ENR 
0.2 91.0±4.5 5.0 89.0±3.7 4.2 88.4±2.9 3.2 101.0±3.1 3.1 89.2±5.2 5.9 
0.4 90.0±3.4 3.8 94.1±5.6 6.0 95.3±2.5 2.6 98.6±3.4 3.4 93.1±5.0 5.4 
10.0 99.1±3.1 3.1 97.8±3.8 3.9 98.0±2.2 2.3 97.6±1.0 1.1 100.9±2.7 2.6 
FLU 
0.2 100.2±2.8 2.8 94.4±3.4 3.6 96.2±3.1 3.2 96.3±3.6 3.7 93.0±2.0 2.2 
0.4 95.6±3.1 3.3 94.6±2.3 2.4 98.1±2.3 2.3 98.1±2.4 2.5 96.6±1.8 1.9 
10.0 99.1±2.3 2.3 100.0±2.7 2.8 99.0±1.6 1.6 100.0±0.8 0.8 99.1±2.7 2.8 
MAR 
0.4 95.4±2.2 2.3 104.3±5.6 5.4 94.7±3.5 3.7 98.8±1.9 1.9 99.3±2.2 2.2 
0.8 96.6±3.1 3.2 100.1±3.3 3.3 90.9±4.3 4.8 98.7±1.6 1.6 93.7±1.6 1.7 
10.0 93.8±2.3 2.2 100.0±3.7 3.7 93.5±2.4 2.5 96.9±1.1 1.2 99.3±2.4 2.5 
1)
 Mean recoveries (%, n = 6) ± Standard deviation 
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0.2 95.3±2.0 2.0 100.0±3.5 3.5 97.3±1.8 1.9 96.4±3.4 3.6 96.7±1.2 1.2 
0.4 96.5±1.5 1.6 97.4±3.0 3.1 95.3±4.6 4.8 98.2±1.0 1.1 96.3±3.3 3.5 
10.0 98.0±1.8 1.9 97.5±2.7 2.8 97.6±3.0 3.1 99.2±3.9 4.0 98.9±0.4 0.4 
NOR 
0.4 94.4±4.6 4.9 93.6±3.9 4.1 97.1±4.4 4.9 100.9±1.9 1.9 95.1±4.7 5.0 
0.8 96.1±2.8 2.9 97.3±4.3 4.4 94.9±4.0 4.2 96.5±4.7 4.9 95.2±2.5 2.7 
10.0 96.2±4.1 4.3 101.7±5.1 5.0 98.2±1.8 1.9 96.9±3.8 3.9 101.5±1.7 1.6 
OFL 
0.2 94.0±4.4 4.7 102.8±4.1 4.0 87.5±5.0 5.8 95.3±5.7 6.0 92.8±3.1 3.4 
0.4 90.0±3.5 3.9 94.6±4.6 4.9 87.8±4.7 5.3 91.4±0.9 1.0 98.8±4.7 4.8 
10.0 96.1±3.2 3.3 103.9±3.1 3.0 96.5±1.4 1.5 97.7±2.4 2.4 98.7±2.6 2.6 
ORB 
0.4 94.2±3.0 3.2 93.2±2.6 2.8 93.1±2.1 2.2 92.4±1.5 1.6 92.0±2.4 2.6 
0.8 93.4±2.0 2.1 92.9±2.4 2.6 95.0±0.7 0.7 92.9±2.9 3.2 92.5±2.2 2.4 
10.0 96.8±2.1 2.2 94.1±2.9 3.1 93.6±2.0 2.2 93.8±1.5 1.6 94.8±2.7 2.9 
OXO 
0.4 96.5±5.4 5.6 92.5±4.3 4.6 90.8±3.6 4.0 98.8±4.1 4.2 97.5±4.9 5.0 
0.8 94.9±2.3 2.4 94.7±3.7 3.9 88.9±3.2 3.6 97.8±0.6 0.6 98.9±4.2 4.3 
10.0 99.2±1.5 1.6 97.5±2.4 2.5 97.0±3.0 3.1 99.4±3.0 3.0 103.2±0.8 0.7 
PEF 
0.4 97.3±1.7 1.7 96.9±4.6 4.7 88.7±4.3 4.9 90.8±3.9 4.3 94.7±3.0 3.2 
0.8 92.8±4.0 4.3 95.4±3.2 3.4 96.0±1.9 2.0 93.4±5.3 5.7 97.4±3.5 3.6 
10.0 91.0±2.3 2.6 99.4±2.5 2.5 97.2±5.6 2.7 93.5±5.5 5.9 103.3±1.3 1.3 
SAR 
0.2 95.9±5.7 5.9 104.7±3.7 3.6 102.2±3.4 3.3 98.2±4.8 4.9 91.4±4.9 5.2 
0.4 94.5±5.5 5.8 96.1±4.1 4.3 99.5±3.6 3.7 99.3±4.4 4.5 96.2±5.3 5.5 
10.0 95.8±5.3 5.6 93.1±4.2 4.5 96.3±2.7 2.8 96.9±2.1 2.2 101.6±3.4 3.3 
1)
 Mean recoveries (%, n = 6) ± Standard deviation 
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0.4 89.9±3.7 4.0 98.9±0.8 0.8 89.6±3.8 4.3 92.4±1.6 1.8 
0.8 93.4±4.5 4.8 97.8±1.3 1.3 92.1±2.3 2.5 95.7±1.0 1.1 
10.0 95.0±2.6 2.7 95.9±3.4 3.5 98.2±2.1 2.1 97.2±2.2 2.3 
DAN 
0.4 88.9±1.7 1.9 93.7±3.2 3.4 95.0±1.7 1.8 93.0±1.9 2.0 
0.8 92.8±1.2 1.3 95.0±1.6 1.7 92.9±2.8 3.1 92.7±3.0 3.2 
10.0 97.7±3.8 3.9 97.4±2.7 2.8 96.6±2.0 2.0 96.0±3.3 3.5 
DIF 
0.2 90.4±4.5 4.9 97.3±3.9 4.0 90.9±3.8 4.2 95.0±2.5 2.6 
0.4 92.7±4.4 4.8 97.5±3.3 3.3 89.2±3.5 3.9 96.5±3.0 3.1 
10.0 92.7±1.3 1.4 95.2±2.4 2.7 88.3±1.1 1.3 96.9±3.6 3.7 
ENR 
0.2 88.5±4.3 4.8 94.7±3.2 3.3 90.6±4.1 4.5 96.9±3.4 3.5 
0.4 90.3±4.9 5.5 95.1±3.0 3.2 94.8±4.4 4.6 97.3±2.6 2.7 
10.0 91.1±1.2 1.3 96.2±2.5 2.6 94.9±1.4 1.5 97.7±2.9 3.0 
FLU 
0.2 86.0±2.7 3.1 94.8±2.7 2.9 97.3±2.9 3.0 95.8±2.3 2.4 
0.4 93.5±3.8 4.1 95.2±3.2 3.4 93.4±3.4 3.6 96.5±2.5 2.6 
10.0 96.9±1.8 1.9 96.7±2.3 2.4 98.7±1.8 1.8 98.8±2.5 2.5 
MAR 
0.4 98.4±3.2 3.3 97.1±1.7 1.7 87.7±3.0 3.4 96.0±2.6 2.7 
0.8 93.1±3.7 3.9 97.1±1.5 1.6 93.7±2.1 2.2 96.1±3.5 3.7 
10.0 96.8±2.2 2.3 97.1±3.0 3.1 91.7±2.7 3.0 96.1±2.6 2.7 
NAL 
0.2 87.6±2.2 2.6 93.5±2.2 2.3 88.3±3.3 3.7 93.3±1.2 1.3 
0.4 90.9±4.3 4.7 94.1±1.4 1.5 88.8±2.4 2.7 95.8±2.4 2.5 
10.0 94.6±1.6 1.7 95.1±2.9 3.1 92.6±3.0 3.2 96.8±2.7 2.8 
NOR 
0.4 89.9±2.9 3.2 95.8±1.8 1.9 89.2±2.7 3.0 93.7±3.3 3.5 
0.8 83.0±2.8 3.0 96.4±2.5 2.6 94.6±2.7 2.9 97.4±3.5 3.6 
10.0 95.3±2.4 2.5 95.6±0.9 0.9 96.5±1.1 1.1 97.4±2.7 2.7 
OFL 
0.2 87.3±3.9 4.5 94.2±1.5 1.6 88.7±5.0 5.6 97.8±2.4 2.4 
0.4 90.9±5.2 5.7 95.1±1.4 1.5 88.7±3.2 3.6 96.9±2.5 2.6 
10.0 94.9±3.6 3.8 97.0±2.8 2.9 92.2±1.8 2.0 97.2±3.0 3.1 
ORB 
0.4 87.7±2.4 2.8 93.5±3.1 3.3 89.6±4.9 5.4 93.2±1.8 1.9 
0.8 88.1±3.2 3.7 94.2±3.0 3.2 93.2±2.3 2.5 93.2±1.7 1.8 
10.0 94.3±2.0 2.1 94.2±1.3 1.4 94.0±2.1 2.2 95.1±2.1 2.2 
OXO 
0.4 90.1±4.2 4.7 96.2±2.0 2.1 94.1±1.7 1.8 97.0±2.8 2.9 
0.8 93.6±3.4 3.6 93.6±1.7 1.8 93.7±2.8 3.0 96.3±2.5 2.6 
10.0 97.1±2.2 2.3 94.2±1.8 1.9 100.9±1.1 1.0 96.8±2.2 2.2 
PEF 
0.4 91.3±3.8 4.1 98.3±2.3 2.3 92.9±3.8 4.1 93.4±0.8 0.9 
0.8 93.3±4.4 4.7 97.7±0.9 0.9 93.4±1.8 2.0 97.3±2.4 2.4 
10.0 95.7±1.8 1.9 95.8±1.9 1.9 92.1±1.4 1.5 97.9±2.6 2.7 
SAR 
0.2 87.9±4.3 4.8 95.9±2.9 3.1 88.6±4.2 4.7 94.5±2.1 2.2 
0.4 92.6±4.9 5.3 96.1±3.5 3.7 89.2±3.2 3.6 96.2±3.8 4.0 
10.0 93.9±2.2 2.3 95.4±2.1 2.2 88.2±3.9 4.4 98.3±1.5 1.5 
1)
 Mean recoveries (%, n = 6) ± Standard deviation 
2)
 Relative standard deviation (%) 
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Table 10. Comparison of the solvent extraction effects on the recoveries (%) from beef 




















1% 77.00 105.30 90.21 7.05 7.82 96.94 109.90 104.60 3.59 3.43 
2% 85.8 111.80 98.58 8.66 8.78 98.85 117.20 104.20 4.63 4.44 
2.5% 89.21 115.10 101.02 6.92 6.85 91.93 102.20 96.10 3.20 3.33 
3% 69.73 112.30 88.62 12.58 14.20 103.70 116.80 110.25 3.72 3.38 
4% 66.72 113.00 94.27 14.35 15.22 96.35 112.70 103.35 4.12 3.99 
5% 87.14 124.80 107.35 8.68 8.09 92.75 121.20 102.76 7.00 6.81 
Flatfish 
1% 86.08 117.10 100.98 8.26 8.18 91.02 159.6 106.62 17.33 16.25 
2% 92.18 113.70 102.38 7.08 6.92 93.56 124.90 102.43 8.42 8.23 
2.5% 92.28 113.80 103.66 5.95 5.74 94.06 110.80 100.51 4.80 4.78 
3% 113.10 139.40 127.03 8.33 6.56 89.04 114.00 100.96 6.98 6.91 
4% 95.54 131.40 108.34 8.62 7.96 91.03 116.30 99.45 6.93 6.97 
5% 90.23 117.40 105.61 7.57 7.17 98.98 112.40 106.37 5.30 4.98 
1)
 Trichloroacetic acid 
2)
 Average of recovery rate (%) 
3)
 Standard deviation  
4)
 Relative standard deviation (%) 
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Table 11. Number of samples according to the sampling area 
 
Seoul Busan Incheon Daegu Gwangju Daejeon Ulsan Total 
Beef 21 8 5 7 6 6 6 59 
Pork 17 6 7 5 4 5 5 49 
Chicken 13 5 5 3 3 2 3 34 
Milk 7 6 4 3 3 2 4 29 
Egg 5 5 4 2 3 4 4 27 
Flatfish 5 5 4 2 3 3 4 26 
Common eel 6 5 3 3 4 3 3 27 
Jacopever 6 5 4 3 4 4 3 29 
Shrimp 7 5 4 4 3 4 3 30 



















Beef 59 7 8 0.2~20.0 11.9 
Pork 49 7 5 0.6~4.1 14.3 
Chicken 34 22 3 0.1~47.0 64.7 
Milk 29 2 8 0.7~0.9 6.9 
Egg 27 1 4 0.3~0.5 3.7 
Flatfish 26 12 1 0.3~21.1 46.2 
Common eel 27 16 5 0.1~100.0 59.3 
Jacopever 29 27 1 0.3~22.8 93.1 
Shrimp 30 10 11 0.2~5.1 33.3 
1)
 LOQ: Limit of quantification 
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Table 13. The kinds of the detected quinolones in livestock and marine products  
Number of detected 
samples 




Difloxacin - - - - 1 - - - 5 
Enrofloxacin - - 8 - - 2 - 7 1 
Ciprofloxacin - - - - - 1 - 11 - 
Enrofloxacin+ciprofloxacin - - 11 - - - - 7 - 
Flumequine - 2 6 - 1 4 3 8 - 
Marbofloxacin - - - 1 - 2 - - - 
Nalidixic acid - - - - - - - 1 - 
Orbifloxacin 4 - - 1 - 1 - 1 - 
Oxolinic acid 1 4 1 - - 7 14 11 7 
Pefloxacin - - - - - - 1
1)
 - - 
Sarafloxacin 2 2 1 - - 1 2 1 1 
1)
 Above the legal residue limit 
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Beef 2/59 0.0002-0.0007 30.36 0.00000002 0.004 
Pork 2/49 0.007-0.0041 56.19 0.0000002 0.050 
Chicken 1/34 0.0014 78.44 0.00000006 0.014 
Flatfish 1/26 0.0003 58.93 0.00000001 0.003 
Common eel 2/27 0.0007-0.0036 54.30 0.00000013 0.003 
Jacopever 1/29 0.0228 36.23 0.00000052 0.129 
Shrimp 1/30 0.0006 18.45 0.00000001 0.002 
 ∑EDI=0.00000077 ∑EDI/ADI=0.205 
Marbofloxacin 
※ADI=0.0045 
Milk 1/29 0.0007 217.61 0.0000001 0.002 
Flatfish 2/26 0.0011-0.0015 58.93 0.0000002 0.005 
Shrimp 2/30 0.0003-0.0004 18.45 0.00000002 0.0003 
 ∑EDI=0.00000033 ∑EDI/ADI=0.0073 
1)
 ADI is expressed in terms of mg/kg weight/day by a person of 55 kg 
2) 
Number of detected sample/total sample 
3)
 From Korean National Health and Nutrition Examination Survey 
4) 
EDI (mg/person/day) = Food intake (kg/person/day) × detected concentration in food (mg/kg) 
5)
 Risk value (%) 
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Beef 1/59 0.002 30.36 0.00000002 0.00008 
Pork 3/49 0.001-0.003 56.19 0.00000004 0.0002 
Chicken 1/34 0.0009 78.44 0.00000004 0.0002 
Flatfish 7/26 0.0008-0.021 58.93 0.0000092 0.036 
Common eel 14/27 0.0001-0.1 54.30 0.000138 0.553 
Jacopever 10/29 0.0003-0.005 36.23 0.0000045 0.018 
Shrimp 7/30 0.001-0.005 18.45 0.00000102 0.004 
 ∑EDI=0.00015 ∑EDI/ADI=0.612 
Flumequine 
※ADI=0.00825 
Pork 2/49 0.0004-0.0006 56.19 0.000000042 0.0005 
Egg 1/27 0.0005 28.90 0.000000010 0.0001 
Chicken 6/34 0.00003-0.0005 78.44 0.000000242 0.003 
Flatfish 3/26 0.0006-0.0035 58.93 0.000000618 0.007 
Jacopever 7/29 0.0002-0.0037 36.23 0.000000986 0.012 
Common eel 3/27 0.0004-0.001 54.30 0.000000362 0.004 
 ∑EDI=0.0413 ∑EDI=0.027 
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Chicken 8/34 0.0004-0.0037 78.44 0.000004 0.064 
Flatfish 2/26 0.0012 58.93 0.0000002 0.003 
Jacopever 7/29 0.0006-0.0037 36.23 0.0000014 0.022 
Shrimp 1/30 0.0004 18.45 0.000000004 0.0001 
 ∑EDI=0.000006 ∑EDI/ADI=0.0895 
Difloxacin 
※ADI=0.001 
Egg 1/27 0.0003 28.90 0.000000006 0.0006 
Shrimp 3/30 0.0002-0.0006 18.45 0.000000037 0.0037 
























Piromidic acid(IS) (M.W.:288.30) Sarafloxacin (M.W.:385.36) 
 
 













































Fig. 2. The sampling number by area according to the 「Sampling with probability 









Seoul 10.206 43.9 
Busan 3,359 15.2 
Incheon 2,840 12.2 
Daegu 2,508 10.8 
Gwangju 1,471 6.4 
Daejeon 1,525 6.6 
Ulsan 1,147 4.9 






Beef 59 7 
Pork 49 7 
Milk 34 22 
Chicken 29 2 
Egg 27 1 
Flatfish 26 12 
Common eel 27 16 
Jacopever 29 27 
Shrimp 30 10 

























Fig. 3. Schematic diagram of the extraction procedure for the determination of quinolones 
(ciprofloxacin, danofloxacin, difloxacin, enrofloxacin, flumequine, marbofloxacin, 
nalidixic acid, norfloxacin, ofloxacin, orbifloxacin, oxolinic acid, pefloxacin, and 
sarafloxacin) in livestock and marine products.  
 
Spiked samples were stood in the dark at room temperature  
for at least 10 min 
2.5% trichloroacetic acid (1 mL) was added and mixed 
Extraction solution (; 1% acetic acid in acetonitrile, 15 mL) was added and 
mixed 
Centrifuge at 1,000×g for 15 min  
Pour supernatant into a separating funnel,  
acetonitrile-saturated hexane (15 mL) was added and agitated for 5 min 
Transfer lower layer into a 20 mL glass tube 
Evaporate to dry at 45℃ under a stream of nitrogen 
Dissolve in 1 mL of 0.1% formic acid in acetonitrile (v/v) 
Weigh 1 g sample and IS into a 50 ml polypropylene tube 









































Fig. 4. UPLC-ESI-MS/MS chromatograms of a blank bovine muscle sample spiked at 10 
μg/kg for DIF, ENR, FLU, NAL, OFL, and SAR, 20 μg/kg for CIP, DAN, MAR, NOR, 



























Fig. 5. Comparison of ion transition between flumequine and oxolinic acid. Chromato-
grams, obtained from the bovine muscle fortified with 10 μg/kg of flumequine and 20 
μg/kg of oxolinic acid, were described. The transition [M + H]
+
 → [M + H-OC3H8]
+ 
(m/z 
262 →202) was used for flumequine and [M + H]
+
 → [M + H-OCH2O]
+ 
(m/z 262 →216) 
































































       
(C) Flumequine 
 
Fig. 6. The food contribution for estimated daily intake from quinolones residues.  
(A) Sarafloxacin, (B) Enrofloxacin, (C) Flumequine, (D) Oxolinic acid, 


















































































Fig. 7. UPLC-ESI-MS/MS chromatogram of pefloxacin standard solution (left) and 











Development of multi-residue analytical method for 9 
cephalosporins and application to the residue monitoring 










A sensitive ultra performance liquid chromatography with electrospray ionization 
tandem mass spectrometry (UPLC-ESI-MS/MS) method was developed for the 
simultaneous quantitative analysis of 9 cephalosporins in 8 species of livestock and 
marine products (beef, pork, chicken, milk, flatfish, jacopever, common eel, and shrimp). 
Multiple reaction monitoring scanning was performed for quantification with switching 
electrospray ion source polarity between positive and negative modes in a single run time 
of 5 min. Highest sensitivity for the analytes was obtained when cefazolin, cephapirin, 
desacetyl-cephapirin, cephalexin, cefalonium, cefoperazone, and cefuroxime were 
measured in the positive electrospray ionization mode (ESI(+)) and cefquinome and 
brucine (as internal standard) were measured in the negative electrospray ionization mode 
(ESI(-)). The analytical method involved the sample preparation based in a combination 
of solvent extraction and ultrasonic-assisted extraction. Besides, matrix matched 
calibration curve with internal standard was used for quantification during the 
determination of the cephalosporin residues in samples. 
The proposed method was validated according to the CODEX guideline and all results 
fully complied with CODEX recommendation. Good linearities were obtained and the   
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correlation coefficients ranged from 0.9990 to 0.9997 depending upon antibiotics. The 
limit of detection and limit of quantitation were lower than 8 and 25 μg/kg, respectively.    
A survey for 9 cephalosporins was conducted using 333 livestock and marine products 
distributed in Korea. Cefalonium was detected in 11 beef samples and cefquinome was 
detected in 1 milk sample. Detected concentrations were from 1.10 to 14.7 μg/kg in beef 
and 7.50 μg/kg in milk. All the detected levels were below the legal residue limits of 10-





Cephalosporins are β-lactamic antibiotics that consist of the 7-amino cephalosporonic 
acid nucleus and a six membered dihydrothiazine ring fused to the β-lactam portion and 
they act by inhibiting the synthesis of the peptidoglycan layer of bacterial cell walls (Hou 
et al., 2013). They are most widely used in veterinary medicine for livestock farming and 
bovine milk production and used for the prevention and treatment of bacterial infection, 
such as respiratory, urinary, and skin infections (Hermo et al., 2013). However, it is well 
known that β-lactam antibiotics possess an allergic potential in pre-sensitized people and 
therefore it cannot completely be excluded that high residue levels in food of animal 
origin will evoke allergic reactions in highly sensitive individuals. For these reasons, no 
feeding before shipping, the proper dosage, the observance of withdrawal period, and the 
accurate pharmaceutical feeding are major factors to prevent possible resistances.  
The EU has established maximum residue limits (MRLs) for cephalosporins in 
foodstuffs of animal origin (EU, 2009). The MRLs ranges are between 20 and 1,000 
μg/kg for mammalian food producing species, such as milk, muscle, fat, and so on. In 
Korea, cefacetrile, cefazolin, cephapirin, cefalexin, cefalonium, cefoperazone, cefuroxime, 
cefquinome, and ceftiofur were licensed for the treatment of bacterial infections of 
animals used in livestock farming. The MRLs of cephalosporins were established by the 
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Ministry of Food and Drug Safety (MFDS) (Table 1) and ranged between 0.1 and 1 
mg/kg for mammalian food producing species, such as cattle, pig, sheep, etc (MFDS, 
2014). The residue levels below the MRLs are considered as safe. In this sense, the 
simultaneous determination of cephalosporins residues at MRL levels requires reliable 
and efficient analytical methods to comply with current legislations.   
Several analytical methods have been described for the determination of 
cephalosporins included capillary electrophoresis (Solangi et al., 2007), luminescence 
(Yunjuan and Jiuru, 2006), spectrophotometry (Saleh et al., 2001; Saleh et al., 2003), and 
liquid chromatography (Virginia et al., 2000; De Diego et al., 2005; Zhu and Row, 2009; 
Karaqeorqou and Samanidou, 2010). However, the problems of the methods related to 
specificity and selectivity. Analytical detection limits of HPLC-UV method are generally 
limited by significant signal interference associated with UV spectral overlaps with other 
food constituents (Hui et al., 2013). Nowadays, LC-MS/MS has become the major 
analytical method for identifying cephalosporins due to its higher selectivity and 
sensitivity than other methods. Several methods have been described applying LC-
MS/MS in bovine milk (Bruno et al., 2001; Hou et al., 2013), muscle (Matthias et al., 
2004; Perez-Burgos et al., 2012), and kidney (Fagerquist and Lightfield, 2003; Clifton et 
al., 2005; Katerina and Alan, 2008). Although other mass spectrometers can be applied, 
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triple quadrupole mass spectrometers are excellent for quantification because they isolate 
and target biomolecules of interest, exclude signal from the background matrix, and are 
sensitive, fast-scanning and reproducible with high dynamic range. For this reason, triple 
quadrupoles are routinely used for developing mass spectrometry-based quantitative 
assays via MRM (Min et al., 2012). However, there is still a need for multi-residue 
methods capable of confirming and quantifying most of cephalosporins for which MRL 
values were set in different matrices. Moreover, compared to LC, UPLC improved 
resolution and sensitivity, as well as significantly reduced sample analysis time and 
mobile phase solvent consumption (Junza et al., 2011; Stolker et al., 2005). 
Therefore, the purpose of this work was to develop a simultaneous method based in a 
combination of solvent extraction and ultrasonic-assisted extraction followed by UPLC-
ESI-MS/MS for the detection and quantification of 9 cephalosporins (cefacetrile, 
cefazolin, cephapirin, desacetylcephapirin, cefalexin, cefalonium, cefoperazone, and 
cefuroxime) in livestock and marine products. Moreover, the proposed method was 
applied to the monitoring on residues of 9 cephalosporins in livestock and marine 




MATERIALS & METHODS 
 
Chemicals and materials 
  Cefacetrile and desacetyl-cephapirin were obtained from Toronto Research Chemical 
(Ontario, Canada). Cephapirin, cefalexin, cefalonium, cefoperazone, cefuroxime, and 
cefquinome were purchased from Fluka and, cefazolin was supplied by Sigma-aldrich 
(MO, USA) (Fig. 1). Brucine from Sigma-aldrich was used as internal standard (IS). 
Acetonitrile, hexane, and methanol were HPLC grade and obtained from Merck 
(Darmstadt, Germany).  
 
Sample collection 
Sampling area was set in accordance with the 「Sampling with probability 
proportionate to size」and species and number of samples were determined on the basis 
of the consumption of food according to the 「National Health and Nutrition 
Examination Survey, 2011」. Each sample was purchased at least two and sampling 
points within the sampling area were not biased.  
As a result, a total of 333 livestock products including beef (n=75), pork (n=63), milk 
(n=77), chicken (n=21), flatfish (n=23), jacopever (n=27), common eel (n=22), and 
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shrimp (n=25) were purchased from different markets in Seoul, Busan, Incheon, Daegu, 
Daejeon, Gwangju, Ulsan, and Jeju. Details were given in Fig. 2. All solid samples were 
finely ground with blender and stored in a freezer (-20℃) until use. 
 
Preparation of standard solution 
Each individual standard, for example, cefacetrile, desacetyl-cephapirin, cephapirin, 
cefalexin, cefalonium, cefoperazone, cefuroxime, and cefquinome was dissolved in 
methanol. Stock standard solution (100 μg/mL) were obtained and stored at 4℃ in the 
dark for no longer than 2 months. Working standard solutions were prepared daily by 
mixing individual stock solutions and diluted in distilled water. Brucine (IS) was diluted 
in distilled water at the concentration of 1 μg/ mL. 
 
Preparation of spiked samples and standard  
 One sample of each matrix was repeatedly measured to confirm that no 8 cephalosporins 
were present and was used for the preparation of matrix-matched calibration standards 
and fortified samples for the validation of the proposed method.  
Each blank sample of beef, pork, chicken, milk, flatfish, jacopever, common eel, and 
shrimp was homogenized and stored at -20℃ until use. Fortified samples were prepared 
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by spiking 100 μL of diluted working solutions at the concentration of 1/2 MRL, MRL, 
and 2 MRL for cephalosporins.  
 
Matrix-matched calibration curves 
For quantification, matrix-matched calibration curves with IS were performed. The 
blank samples (beef, pork, chicken, milk, flatfish, jacopever, common eel, and shrimp) 
were used as matrix and fortified with working standard solutions. Each sample was 
submitted to the full extraction procedure. The six-point matrix-matched calibration 
curves in livestock and marine products (except milk) were prepared with the blank 
samples spiked with 0, 0.25, 0.05, 0.1, 0.2, and 0.3 mg/kg for cefacetrile, desacetyl-
cephapirin, cephapirin, cefoperazone, and cefquinome, and 0, 0.05, 0.1, 0.2, 0.4, and 0.6 
mg/kg for cefalexin and cefazolin, and 0, 0.005, 0.01, 0.02, 0.04, and 0.06 mg/kg for 
cefalonium, and 0, 0.01, 0.02, 0.04, 0.08, and 0.12 mg/kg for cefuroxime, respectively.  
In milk, the curves were prepared with the blank samples spiked with 0, 0.025, 0.05, 0.1, 
0.2, and 0.3 mg/kg for cefacetrile and cefazolin, and 0, 0.015, 0.03, 0.06, 0.12, and 0.18 
mg/kg for cephapirin, desacetyl-cephapirin, and cefoperazone, and 0, 0.05, 0.1, 0.2, 0.4, 
and 0.6 mg/kg for cefalexin, and 0, 0.005, 0.01, 0.02, 0.04, and 0.06 mg/kg for 
cefalonium, and 0, 0.01, 0.02, 0.04, 0.08, 0.12 mg/kg for cefuroxime and cefquinome, 
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respectively. Brucine (IS) was spiked in all of these samples at the concentration of 20 
μg/kg. The calibration curves for 9 cephalosporins were constructed by calculating the 
ratio of each peak area relative to the corresponding IS. Separate calibration curves were 
used for each sample.  
 
Extraction procedure 
Homogenized sample (2 g) of beef, pork, chicken, flatfish, jacopever, common eel, and 
shrimp and 2 mL of milk was taken into a 50 mL disposable polypropylene centrifuge 
tube and IS solution (100 μL) was directly spiked. 5 mL of acetonitrile was added to the 
sample and followed by shaking during 2 min on a vortex mixer (Heidolph Reax top, 
Heidolph, Schwabach, Germany). The samples were homogenized again for 10 min with 
ultra-sonicator (Power sonic 520, Hwashin, Seoul, Korea) and centrifuged (Allegra X-
22R, Beckman Coulter, Brea, CA, USA) at 1,000×g for 10 min to induce the precipitation 
of proteins. The supernatant was poured into a separating funnel and repeat the same step 
once more. The supernatant obtained two times was moved in a 50 mL centrifuge tube, 
10 mL of hexane was added to the supernatant extract in order to remove the lipid. After 
vortex-mixing for 1 min and centrifugation at 1,000×g for 10 min, the lower layer was 
filtered through a syringe filter (Whatman
®
, PVDF membrane, pore size 0.45μm) and 
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transferred into the 15-mL glass test tube. The extract was evaporated to a proper volume 
(about 1 mL) under a stream of nitrogen (EYELA GM-2200, Tokyo, Japan) and 
subsequently methanol (1 mL) was added and evenly mixed. After that, the extract was 
evaporated until dryness under a gentle nitrogen stream at 45℃. The residue was 
reconstituted with 400 μL of 0.1% formic acid in 10% acetonitrile (v/v) and filtered 
through a syringe filter (Whatman
®
, PVDF membrane, pore size 0.2 μm) prior to UPLC-
ESI-MS/MS injection (Fig. 3). Every sample was analyzed three times and the result was 
expressed as the mean of the total residue concentration. 
 
UPLC-ESI-MS/MS conditions 
UPLC equipment was an Acquity ultra performance LC-Waters system equipped with 
an autosampler (Waters, MA, USA) and ESI-MS/MS measurements were performed 
using a Quattro premier XE (Waters, MA, USA). Cephalosporins were separated on an 
Acquity UPLC BEH C18 column (2.1 mm × 100 mm, 1.7 μm particle size, Waters). Data 
was controlled by MassLynx 4.1 software (Waters) in a personal computer.  
The binary mobile phase of UPLC-MS/MS composed of deionized water and 
acetonitrile with 0.1% formic acid in both solvents was used. The gradient conditions 
were initiated with 95% mobile phase A followed by a linear decrease to 10% in 3 min, 
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and maintained for 0.5 min at 10%. Then mobile phase A was increased to 95% in 0.1 
min and holding at 95% for 1.4 min. The run time for each injection was 5 min, the flow 
rate was 0.35 mL/min, and the injection volume was 20 μL in the full-loop mode. Details 
were given in Table 2. 
The mass spectrometer was operated with ESI source in the polarity switching mode. 
MS determination was performed with MRM experiments combined with monitoring of 
the most abundant MS/MS (precursor→product) ion transitions using a dwell time of 
0.03s. Detailed parameters for MRM acquisition are presented in Table 3. The MS 
parameter were as follow: capillary voltage, 3.5 kV; source temperature, 120℃; 
desolvation temperature, 350℃; cone gas flow, 50 L/h; and desolvation gas flow, 800 L/h. 
 
Method validation 
The method was validated according to the CODEX guideline (FAO, 2009) for a 
quantitative confirmation method. The validation parameters to evaluate the method were 
linearity, limit of detection (LOD), limit of quantitation (LOQ), precision (repeatability 
and reproducibility), and accuracy.  
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RESULTS & DISSCUSION 
Method validation  
Each matrix was repeatedly measured to confirm that no 9 cephalosporins were detected 
and was used for the preparation of matrix-matched calibration standards and fortified 
samples for the validation of the method. The developed method was validated with 
UPLC-ESI-MS/MS according to the CODEX guidelines (FAO, 2009) for quantitative 
methods. All obtained results were satisfied with CODEX recommendation and indicated 
the stability of the proposed method.  
The linearities, LOD, and LOQ for each species of matrices were shown in Table 4. The 
linearity was measured with the matrix-matched calibration curves using 6 calibration 
points. Good linearities were obtained and the correlation coefficients ranged between 
0.9990 and 0.9997 depending upon antibiotics. Besides, brucine as IS, which 
considerably increased the linearity of the matrix-matched calibration curves of 9 
cephalosporins.   
The LOD and LOQ values were measured based on signal-to-noise ratio (S/N) values of 
3.3 and 10, respectively. The LOD ranged from 0.3 to 6 μg/kg and LOQ ranged from 1 to 
20 μg/kg in livestock (except milk) and marine products, respectively. In milk, the LOD 
ranged from 0.8 to 8 μg/kg and LOQ ranged from 8 to 25 μg/kg, respectively. The results 
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of LOD and LOQ demonstrated that the method were enough to determine the MRLs 
values in animal origin products.  
The repeatability and reproducibility (the intra-day and inter-day precision) were 
evaluated in 8 livestock and marine products. These validation parameters are expressed 
as relative standard deviation (RSD, %). The repeatability was evaluated by spiking 8 
blank samples (n=6, for each matrix) at the MRL level and the reproducibility was carried 
out on 3 consecutive days. Repeatability and reproducibility results were presented in 
Table 5 and 6. The RSD (%) of repeatability ranged between 3.07 (Cefuroxime) in pork 
and 11.68 (Desacetyl-cephapirin) in jacopever. The RSD (%) of reproducibility ranged 
between 0.88 (Cefalexin) in beef and 10.92 (Desacetyl-cephapirin) in shrimp. It could be 
observed that RSD (%) were always lower than 12%. The repeatability values expressed 
as RSD (%) were lower than 15%, which is within the acceptance criteria of CODEX for 
validating analytical methods.  
The accuracy of the method was estimated through recovery studies. The percentage of 
recoveries were calculated at 3 different spiking levels (1/2×MRL, MRL, and 2×MRL). 
The matrix-matched calibration curves were used with IS. Average recoveries (%) of each 
analyte were obtained performing the analysis in 6 replicated for each matrix. The 
recovery data were presented in Table 7 and 8. The acquired results were satisfied, with 
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the percentage of recoveries (%) ranged from 63.82±8.00 (cefacetrile) to 92.89±4.09 
(cefalonium) in livestock products and from 73.16±2.63 to 95.13±7.24 (cefalexin) in 
marine products. The RSD (%) ranged from 3.27 to 12.54 in livestock products and from 
3.06 to 7.61 in marine products. The results were within the acceptance criteria of the 
CODEX validating analytical method (Fig. 4). 
In this study, good validation parameters were obtained indicating the suitability of the 
proposed method for the multi-residue analysis of 9 cephalosporins. Besides, the use of 
matrix-matched calibration curves with IS enabled to reduce the difference in the signal 
output of analyte between a sample extract solvent and a pure solvent. 
 
Optimization of sample preparation  
In this work, the reliable and specific method for livestock and marine products was 
developed. Extraction procedure was focused on the establishment of the most suitable 
conditions used for the simultaneous determination of 9 cephalosporins from animal 
origin products.  
Several extraction solvents were evaluated in order to maximize the recovery and 
minimize preparation time. Beef, flatfish, and milk blank samples fortified with 9 
cephalosporins were extraction with solution of 100% acetonitrile (v/v), 100% methanol 
71 
 
(v/v), and acetonitrile: distilled water (80:20, v/v) and consecutively extracted with 
hexane or not. As a result, 100% acetonitrile (v/v) and additional hexane extraction were 
shown to the most effective recoveries and lowest RSD (%) in 3 species of matrices (Fig. 
5). Acetonitrile was preferred than methanol as an extraction solvent. Because acetonitrile 
could simultaneously precipitate the proteins, denature enzymes, and extract the target 
analytes. The extraction of hexane and syringe filtration was useful to achieve the 
deproteinization and defatting of samples. Moreover, after the solvent extraction of 
acetonitrile, a continuative ultrasonic-assisted extraction was conducted in order to 
acquire higher recovery. Ultrasound could be regarded as a useful alternative for solid 
sample pretreatment because the energy accelerated the steps of sample preparation, such 
as dissolution, fusion, and leaching (De Castro and da Silva 1997; Marilena and Nikolaos, 
2015).  
In addition, a pre-concentration step was evaluated. To carry out this step, methanol (1 
mL) was added or not during evaporation under a stream of nitrogen. Consequently, when 
the methanol (1 mL) was added to tube in pre-concentration step, the recoveries (%) were 
improved by 14% in beef (cefuroxime), 45.7% in flatfish (cefoperazone), and 37% in 
milk (cefalexin), respectively. Details were given in Fig. 6. 
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When ESI is used as ionization technique, one of the main problems is the signal 
suppression or enhancement of the analytes due to the other components present in the 
matrix (Rocui et al., 2014). Because the existence of matrix effects, matrix matched 
calibrations were used for quantification during the determination of the 9 cephalosporins 
in livestock and marine products. Besides, quantification by matrix-matched calibration 
curves using IS allowed to monitor the efficiency of the extraction procedure and also to 
correct possible matrix effects (Andreia et al., 2014). Thus, this proposed method could 
be applied to the diverse matrices.  
 
Optimization of UPLC-ESI-MS/MS  
Chromatographic conditions of UPLC were studied in order to achieve the best 
separation and retention for the analytes, minimizing analysis time. Several experiments 
were conducted testing different mobile phases consisting of acetonitrile as organic phase 
and water with different concentrations of formic acid (0.05 and 0.1%) or ammonium 
formate (5 mM). As a result, the addition of 0.1% formic acid allowed better results than 
ammonium formate, and it enhanced the ionization efficiency. Especially, formic acid and 
acetonitrile were significant roles for the formation of well distributed peak and sharp 
peak shape (Lina et al., 2011; Junza et al., 2014). Moreover, 5 min of run time was 
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acquired with the optimum conditions for the separation of 9 cephalosporins. Good 
response was obtained with the gradient described in Table 2. Furthermore, in the first 1 
min of the analysis time, main interference are presented due to polar matrix constituents 
that are eluted and co-elution with the analytes would lead to large signal suppression 
(Marilena et al., 2015). As a result, it was important that 9 cephalosporins began to elute 
after the 1 min of the analysis time. Other parameter such as flow rate, and injection 
volume were studied in order to obtain a fast and reliable separation. The best results 
were acquired when 0.35 mL was used as flow rate and 20 μL were injected, respectively.     
The chromatographic separation of 9 cephalosporins was performed with a 2.1 mm× 100 
mm column, which was consisting of a smaller particle size than common HPLC column 
(Andreia et al., 2013). Thus, it could be acquired the high efficiency in peak separation 
and good peak resolution.  
In MS/MS system, at first, the selection and tuning of the precursor and product ions 
were performed. For polarity switching ionization mode, direct infusion of each standard 
solution (1μg/mL) was carried out, depending on if the determination of the analyte is 
achieved in positive or negative ionization mode, respectively. As a result, the protonated 
([M+H]
+
) or deprotonated ([M-H]
-
) molecular ions were selected as the precursor ion. 





 using the positive electrospray ionization mode (ESI(+)). However, the negative 
electrospray ionization mode (ESI(-)) was found to be the most sensitive electrospray 
condition. Consequently, in this study, 8 cephalosporins (cefacetrile, cefazolin, cephapirin, 
desacetyl-cephapirin, cefalexin, cefalonium, cefoperazone, and cefuroxime) had better 
sensitivity and reproducibility in the positive ion mode, and negative ion mode was 
suitable for the analysis of cefquinome and brucine. Especially, the ESI(-) mode resulting 
in a much better signal to noise ratio of the molecular ions (Matthias et al., 2004).  
Then, collision energies were evaluated in order to trace the most abundant product ions, 
selecting the most sensitive transition for quantification purposed and a second one for 
confirmation. Table 3 presented MS/MS transitions as well as cone voltage and collision 
energy values optimized for the 9 cephalosporins. 
The system was operated in the MRM mode acquiring two diagnostic product ion 
transitions for each cephalosporin. Two product ion transitions (quantifier ion, qualifier 
ion) are monitored and the ratio between the monitored fragment ions is calculated and 
compared with the ratio obtained from the analytical standard. To achieve maximum 
sensitivity for all analytes, sufficiently long dwell times are required for each daughter 
ion transition measured. As a result, the chromatography gradient conditions were 
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adjusted to obtain a nearly complete separation of 9 cephalosporins. Chromatograms of 9 
cephalosporin antibiotics were presented in Fig. 7.   
 
Application of the proposed method to animal products 
Cephalosporins were analyzed in 333 livestock and marine products including 75 beef, 
63 pork, 77 milk, 21 chicken, 23 flatfish, 27 jacopever, 22 common eel, and 25 shrimp 
(Table 9). The results were described in Table 10. The residues of cephalosporins were 
detected in only 12 livestock product samples (3.6% incidence), such as, beef and milk. 
11 out of 75 beef samples (14.7% incidence) and 1 out of 77 milk samples (1.3% 
incidence) showed cephalosporins residues (Fig. 2). The detected cephalosporins in 
livestock products were cefalonium in beef and cefquinome in milk, respectively. 
Detected concentrations were from 1.10 to 9.77 μg/kg in beef and 7.50 μg/kg in milk.  
Cephapirin is rapidly and quantitatively metabolized to desacetylcephapirin and acetic 
acid in spiked muscle and kidney homogenate. Thus, only desacetyl cephapirin could be 
determined and validated in tissue homogenate (Matthias et al., 2004). This metabolism 
was not observed for spiked raw milk. However, it has to be considered that after 
intramammary infusion of cephapirin, cephapirin can be detected in milk. The council 
regulation (EEC) 2377/90 and the Korea Food Code set MRLs for the sum of cephapirin 
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and desacetylcephapirin. Thus, the proposed method has been developed so that 
cephapirin and desacetylcephapirin are simultaneously determined in all samples.  
Furthermore, there are no MRLs for the fisheries and marine products in Korea, except 
for cefalexin. In veterinary field, cephalosporin antibiotics are mostly applied to the 
livestock, and especially cefalonium was widely used as a therapeutic agent for bovine 
mastitis (Yim, 2014). In this study, among cephalosporin antibiotics, only cefalonium and 
cefquinome were detected in livestock products below the MRL. Thus, the risk value 
based on the cephalosporins exposure by food intake was calculated using the EDI 
(estimated daily intake) and ADI (acceptable daily intake). Compared with ADI (0.0153 
mg/kg b.w./ day in cephalonium and 0.0038 mg/kg b.w./ day in cefquinome), the risk 
value was safe level of 0.02% in cephalonium and 0.01% in cefquinome, respectively. 
Details were given in Table 11. 
However, cephalosporin were classified as veterinary critically important antimicrobials 
(VCIA) from the Office International des Epizooties (OIE) and also 1- and 2-generation 
cephalosporins were classified as highly important antimicrobials (HIA), and 3- and 4-
generation cephalosporin was classified as critically important antimicrobials (CIA) for 
human medicine) from the World Health Organization (WHO). Although cephalosporin 
residues appeared to be at very save levels in livestock and marine products, the 
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possibility of antibiotic misuse, such as violation of withdrawal period, pharmaceutical 
feed by mistake, and excess dosage, could occur. Therefore, since cephalosporin 
antibiotic resistance is very important in terms of public health, continuous management 





A specific and reliable method was developed and validated for the simultaneous 
determination of 9 cephalosporins in livestock and marine products using UPLC-ESI-
MS/MS. The use of UPLC-ESI-MS/MS improved the sensitivity and reduced analysis 
time, allowing the identification and quantification of 9 cephalosporins in 5 min. 
Acquired validation parameters fully complied with CODEX recommendation. Besides, 
the matrix-matched calibration curves and internal standard play significant roles in 
compensating for the matrix effects.   
In this work, a large number of animal origin products (n=333) commercialized in Korea 
were analyzed and quantified. The residues of 9 cephalosporins were detected in 12 
samples (3.6% incidence) but residue levels were below the MRLs. The detected 
cephalosporins were cefalonium in beef and cefquinome in milk, respectively. 
Furthermore, the risk value was safe level of 0.02% in cephalonium and 0.01% in 
cefquinome. Even though the monitoring results appear to be considerably safe levels, 
antibiotic residues are still exposed to consumers. Therefore, the survey of cephalosporins 
residues in livestock and marine products was continued.  
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Table 1. Maximum residues limits of cephalosporins in Korea  
 
Compound Food mg/kg 
Cefacetrile Milk 0.05 





Cefalexin Cattle, Pig, Sheep, Goat, Equine, Chicken 0.2~1.0 
Fish 0.2 
Milk 0.1 
Cefalonium Cattle 0.01 
Cefoperazone Milk 0.03 
Cefuroxime Cattle, Milk 0.02 
Cefquinome Cattle, Pig, Equine 0.05~0.2 
Milk 0.02 




Table 2. Analytical conditions of LC-ESI-MS/MS for analysis of cephalosporins 
 
 Items Conditions 
LC Instrument Acquity ultra performance LC 
 Column Acuity UPLC BEH C18 (2.1×10 mm, 1.7 um) 
 Mobile phase 
A: 0.1% formic acid in DW 
B: 0.1% formic acid in acetonitrile 
 Gradient 
Time(min) A (%) B (%) 
Initial 95 5 
3.0 10 90 
3.5 10 90 
3.6 95 5 
5.0 95 5 
 
MS Flow rate 0.35 mL/min 
 Injection volume 20 μL 
 Instrument Quattro Premier XE 
 Ionization mode Polarity switching mode 
 Capillary voltage 3.5 kV 
 Cone voltage 17 V 
 Source temperature 120℃ 



















Cefacetrile ESI(+) 362 
178
 
 20 13 
258 12 
Cefazolin ESI(+) 455 
156
 
 15 11 
323 17 
Cephapirin ESI(+) 424 







 25 25 
292 14 
Cefalexin ESI(+) 348 
174
 
 14 12 
158 8 
Cefalonium ESI(+) 459 
152
 
 15 11 
337 19 
Cefoperazone ESI(+) 644 
188
 
 18 20 
528 10 
Cefuroxime ESI(+) 423 
207
 
 15 8 
318 15 
Cefquinome ESI(-) 529 
134
 
 20 15 
125 65 
Brucine (IS) ESI(-) 395 
244
 




Table 4. Validation parameters on the correlation coefficient (r
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Cefacetrile 0.9990 - - 8 25 
Cefazolin 0.9994 3 10 1.5 5 
Cephapirin 0.9997 6 20 1.5 5 
Desacetyl-
cephapirin 
0.9992 1.5 5 1.5 5 
Cefalexin 0.9991 6 20 1.5 5 
Cefalonium 0.9995 0.3 1 0.8 2.5 
Cefoperazone 0.9996 - - 3 10 
Cefuroxime 0.9994 3 10 4 12.5 
Cefquinome 0.9991 1.5 5 1.5 5 
1) Limit of detection 
2) Limit of quantitation 
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Table 5. Intra-day precision of 9 cephalosporins at MRL levels 
 
Compound 
Intra-day precision (n = 6), RSD (%)1) 
Beef Pork Milk Chicken Flatfish Jacopever Common eel Shrimp 
Cefacetrile   7.91      
Cefazolin 7.40 8.29 6.83 6.62 9.37 6.61 9.47 8.86 
Cephapirin 8.26 5.70 8.74 9.93 11.39 9.93 7.76 6.34 
Desacetylcephapirin 8.21 5.54 6.27 9.13 5.66 11.68 7.63 6.50 
Cefalexin 6.28 10.50 3.74 5.10 3.93 6.92 3.21 6.65 
Cefalonium 4.73 5.82 9.51 3.20 10.76 8.96 8.43 8.26 
Cefoperazone 6.23 6.95 6.97 8.79 8.39 9.67 10.97 8.48 
Cefuroxime 7.57 3.07 8.74 10.15 9.99 8.85 4.92 9.93 
Cefquinome 5.80 4.95 6.76 2.40 9.85 9.01 7.87 10.63 
1)




Table 6. Inter-day precision of 9 cephalosporins at MRL levels 
 
Compound 
Inter-day precision (n = 3), RSD (%)1) 
Beef Pork Milk Chicken Flatfish Jacopever Common eel Shrimp 
Cefacetrile - - 8.16 - - - - - 
Cefazolin 4.83 4.01 8.42 5.28 4.63 3.59 10.38 9.50 
Cephapirin 3.21 4.55 4.70 4.90 5.83 5.27 4.82 5.75 
Desacetylcephapirin 3.83 4.65 5.58 1.10 3.58 7.47 6.00 10.92 
Cefalexin 0.88 4.35 3.62 4.73 3.88 2.10 0.92 4.61 
Cefalonium 4.83 2.95 9.15 8.92 4.22 5.70 2.94 5.81 
Cefoperazone 6.52 4.78 4.84 8.37 5.12 7.62 10.52 5.99 
Cefuroxime 6.49 8.30 4.70 9.61 9.29 2.80 5.25 6.14 
Cefquinome 4.71 4.97 8.02 5.82 6.21 5.17 4.83 6.12 
1)  
Relatively standard deviation (%)
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1/2 MRL - - - - - - 63.82±8.00 12.54 
MRL - - - - - - 79.17±6.26 7.91 
2 MRL - - - - - - 76.28±6.28 8.23 
Cefazolin 
1/2 MRL 86.35±4.68 5.42 78.84±3.04 3.86 - - 90.60±7.59 8.37 
MRL 87.91±6.50 7.40 83.16±6.90 8.29 - - 90.55±6.19 6.83 
2 MRL 78.87±5.09 6.45 78.87±4.01 5.09 - - 72.99±6.42 8.80 
Cephapirin 
1/2 MRL 79.28±4.55 5.74 - - - - 76.13±4.00 5.25 
MRL 85.48±7.06 8.26 - - - - 85.20±7.45 8.74 
2 MRL 83.85±4.30 5.13 - - - - 82.83±4.06 4.90 
Desacetyl-
cephapirin 
1/2 MRL 78.51±7.47 9.52 - - - - 77.58±5.42 6.98 
MRL 86.16±7.07 8.21 - - - - 88.72±5.56 6.27 
2 MRL 82.71±4.75 5.74 - - - - 82.52±2.62 3.17 
Cefalexin 
1/2 MRL 80.26±4.56 6.25 70.04±2.99 4.27 87.42±7.15 8.18 78.24±7.03 8.99 
MRL 84.99±4.02 7.57 70.42±8.10 10.50 79.91±4.08 5.10 71.87±2.69 3.74 




 Relatively standard deviation (%) 
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1/2 MRL 80.44±4.56 5.67 - - - - 71.62±6.23 8.69 
MRL 84.99±4.02 4.73 - - - - 79.72±7.58 9.51 
2 MRL 91.22±6.59 7.23 - - - - 92.89±4.09 4.41 
Cefoperazone 
1/2 MRL - - - - - - 77.50±4.27 5.52 
MRL - - - - - - 87.17±6.07 8.74 
2 MRL - - - - - - 82.60±3.57 4.90 
Cefuroxime 
1/2 MRL 76.05±4.76 6.25 - - - - 76.13±4.00 5.25 
MRL 88.98±6.74 7.57 - - - - 85.20±7.45 8.74 
2 MRL 81.49±2.66 3.27 - - - - 82.83±4.06 4.90 
Cefquinome 
1/2 MRL 90.59±5.11 5.64 76.20±2.87 3.77 - - 88.39±7.62 8.62 
MRL 81.24±4.71 5.80 78.19±5.18 6.63 - - 71.88±4.86 6.76 
2 MRL 84.87±5.24 6.17 79.93±3.95 4.95 - - 89.12±8.66 9.72 
1)
 Standard deviation  
2)
 Relatively standard deviation  
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1/2 MRL 80.03±2.44 3.05 75.70±4.33 5.71 78.57±4.17 5.31 73.16±2.63 3.60 
MRL 87.87±3.45 3.93 80.27±2.58 3.21 89.36±6.18 6.92 77.12±5.13 6.65 
2 MRL 94.77±5.49 5.79 84.65±5.76 6.80 95.13±7.24 7.61 81.53±5.74 7.06 
1)
 Standard deviation  
2)
 Relatively standard deviation  
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Table 9. Number of samples according to the sampling area 
 
Seoul Busan Incheon Daegu Gwangju Daejeon Ulsan Jeju Total 
Beef 33 14 8 8 3 3 4 2 75 
Pork 28 11 7 6 3 3 2 3 63 
Milk 34 14 9 7 4 4 2 3 77 
Chicken 6 3 2 2 2 2 2 2 21 
Flatfish 6 3 2 2 2 2 2 4 23 
Common 
eel 
5 4 2 2 3 2 2 2 22 
Jacopever 8 4 2 2 2 2 3 4 27 
Shrimp 8 4 2 2 2 2 2 3 25 
Total 128 57 34 31 21 20 19 23 333 
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Beef n=75 11 5 1.10-9.77 14.7 cefalonium 
Pork n=63 - -    
Chicken n=21 - -    
Milk n=77 1 - 7.50 1.30 cefquinome 
Flatfish n=23 - -    
Common 
eel 
n=22 - -    
Jacopever n=27 - -    























Cephalonium 0.00153 Beef 11/75 0.0011-0.0098 30.36 0.0000030 0.02 
Cefquinome 0.0038 Milk 1/77 0.0075 217.61 0.0000004 0.01 
1)
 ADI is expressed in terms of mg/kg weight/day by a person of 55 kg. 
2) 
Number of detected sample/total sample 
3)
 From Korean National Health and Nutrition Examination Survey 
4) 
EDI (mg/person/day) = Food intake (kg/person/day) × detected concentration in food (mg/kg) 
5)











Cefalexin (M.W.:347.39) Cefalonium (M.W.:458.51) Cefoperazone (M.W.:645.67) 
  
 
Cefuroxime (M.W.:424.37) Cefquinome (M.W.:528.60) Brucine (IS) (M.W.:394.74) 
 





































Fig. 2. The number of collecting number according to the 「Sampling with probability 
proportionate to size」(A) and distribution of samples containing cephalosporins residues 







Seoul 10.206 43.9 
Busan 3,359 15.2 
Incheon 2,840 12.2 
Daegu 2,508 10.8 
Gwangju 1,471 6.4 
Daejeon 1,525 6.6 
Ulsan 1,147 4.9 






Beef 75 11 
Pork 63 0 
Milk 77 1 
Chicken 21 0 
Flatfish 23 0 
Common eel 22 0 
Jacopever 27 0 
Shrimp 25 0 




















Fig. 3.  Schematic diagram of the extraction procedure for the determination of 
cephalosporins (cefacetrile, cefazolin, cephapirin, cefalexin, cefalexin, desacetyl-






Weigh 2 g sample and IS into a 50 ml polypropylene tube 
Add 5 ml extraction solution (: Acetonitrile) and  
mix & ultrasonicate for 10 min 
Centrifuge at 1,000×g for 10 min  
Pour supernatant into a separating funnel and repeat the same procedure once 
more 
After collecting the supernatant, 
 add 10 ml pour hexane in to a test tube   
After mixing and centrifugation, 
transfer the lower layer into test tube 
Evaporate to dry at 45℃ ≤ 1 mL 
Add 1 mL of methanol and mix & evaporate to dryness (50℃) 
Dissolve in 400 μl of 0.1% formic acid 
 in 10% acetonitrile (v/v) 
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Beef Pork Chicken Milk
  
 









Flatfish Common eel Jacopever Shrimp
 
Fig. 4. Average recoveries measured in livestock (A) and marine products (B). The 
results were within the acceptance criteria of the CODEX guideline. 
CODEX guideline acceptable range 
CODEX guideline acceptable range 
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Fig. 5. Comparison of the solvent effects on the recoveries (%) from beef fortified with 8 
cephalosporins. Cephalosporins were extracted with solution of 100% methanol (v/v), 
100% acetonitrile (v/v), and acetonitrile: DW (80:20, v/v). The recoveries (%) were 
ranged from 63.9 to 121.1% on extraction of methanol, 90.8 to 168.0% on extraction of 
80% acetonitrile (v/v), and 76.7 to 108.5% on extraction of acetonitrile, respectively. As a 
































Fig. 6. Optimization of sample preparation in pre-concentration step. Methanol (1mL) 
was added or not during evaporation under a stream of nitrogen. The addition of 





























Fig. 7. Chromatograms obtained from a bovine muscle sample fortified at 0.3 mg/kg for 
cefacetrile, desacetyl-cephapirin, cephapirin, cefoperazone, and cefquinome, 0.6 mg/kg 
for cefalexin and cefazolin, 0.06 mg/kg for cefalonium, 0.12 mg/kg for cefuroxime, and 
0.02 mg/kg for brucine (IS), respectively. The product ions in the MRM mode were 
produced by collision activated dissociation of selected precursor ions. Two transitions 









Development of analytical method for trimethoprim and 
application to the residue monitoring in livestock and 





A specific and simple analytical method using ultra performance liquid 
chromatography with electrospray ionization tandem mass spectrometry (UPLC-ESI-
MS/MS) was developed to analyze the determination of trimethoprim (TMP) in livestock 
(beef, pork, chicken, milk, and egg) and marine products (flatfish, jacopever, common eel, 
and shrimp). This method involved a solid-liquid extraction, ultrasonic-assisted extraction, 
and a step of solid-phase extraction (SPE) to pre-concentrate and clean up extract. The 
analytical method was validated according to CODEX guidelines and all results fully 
complied with CODEX recommendations. The calibration curve was linear from 0 to 50 
ng/mL, and the correlation coefficient of calibration curve was 0.999. The LOD ranged 
from 0.15 to 0.30 μg/kg and the LOQ ranged between 0.5 and 1.0 μg/kg depending upon 
sample species.  
A survey for TMP was performed using 369 livestock and marine products distributed 
in Korea. TMP was detected in 7 marine samples (1.9% incidence) including 5 jacopever, 
1 flatfish, and 1 common eel. Residue levels were 1.17 to 16.43 μg/kg in jacopever, 40.0 
μg/kg in flatfish, and 13.3 μg/kg in common eel. All the detected levels were below the 
legal residue limits of 20-50 μg/kg in the Korean Food Code and the risk value was very 




Trimethoprim (TMP), a dihydrofolate reductase inhibitor, is an anti-infective agent that 
is commonly used for treatment of a wide variety of bacteria associated with infections of 
the middle ear, and the urinary, respiratory, and intestinal tracts (Isabelli et al., 2014) and 
is also a potentiator when administered in combination with sulfonamides (Mark et al., 
2009), such as sulfamethoxazole (as co-trimoxazole, which contains sulfamethoxa-
zole:TMP in a 5:1 ratio), sulfadiazine (Reza et al., 2013), or separately (Renew and 
Huang, 2004; Chung, 2008). 
The presence of antibiotic residues can increase antibiotic resistance of pathogens and 
can threat to public health. In order to protect consumer health, the European Union set 
maximum residue limits (MRLs) of 100 μg/kg and 50 μg/kg for TMP for members of 
family equidae and all other food producing animals, respectively, that supply milk, 
muscle, fat, liver, and kidney (EU. Commission regulation No. 37/2010, 2010). MRLs of 
Japan which adopts the Positive List System ranged from 20 to 100 μg/kg in animal and 
marine products (Ministry of Health, Labour and Welfare of Japan, 2007). In Korea, TMP 
was licensed for treatment of urinary tract infections and the MRL was established by the 
Ministry of Food and Drug Safety (MFDS) as shown in Table 1 at 50 μg/kg in muscle, 
liver, kidney, and fat of cows, pigs, sheep, and chicken, at 50 μg/kg in milk, fish and 
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crustaceans, at 20 μg/kg in egg, and at 100 μg/kg in muscle, liver, fat, and kidney of horse 
(Notification No. 2010-51 of the Ministry of Food and Drug Safety, 2010).  
Determination of TMP residue at MRL level requires sensitive analytical methods to 
comply with current regulations. HPLC is a commonly used analytical method (Meiling 
et al., 2006; Bedor et al., 2008). Most previous works have involved in only one matrix, 
for instance, blood, plasma, serum, or urine with HPLC (Hiren et al., 2010). Several 
analytical methods have been described for simultaneous analysis of TMP and 
sulfonamides in biological fluids (Batzias et al., 2002; Meiling et al., 2006; Hiren et al., 
2010). Current studies for TMP analysis with LC-MS/MS are underway for muscle and 
plasma (Mark et al., 2009; Nhat et al., 2014); however, there was little research for the 
TMP analysis in livestock and marine products using UPLC-MS/MS. 
One of the main problems of TMP analysis of livestock and marine products is the 
complexity of extraction steps and a need for effective clean-up procedures before 
instrumental analysis. For this purpose, liquid-liquid extraction (LLE), solid-phase 
extraction (SPE), pressurized liquid extraction (PLE), and matrix solid-phase dispersion 
(MSPD) have been used for extraction of TMP from biological fluids (Croubels et al., 
2003; Bedor et al., 2008) and wastewater (Renew and Huang, 2004; Nhat et al., 2012). 
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This paper described the development of a specific and simple analytical method using 
UPLC-MS/MS for the determination of TMP in livestock and marine products, which 
involved solid-liquid extraction, followed by simplified solid-phase extraction (SPE) 
steps. In addition, in this study, TMP residue was monitored in livestock and marine 
products commercialized in Korea. Koreans enjoy eating flatfish and jacopever sashimi, 
roasted eel, and Korean style raw minced beef.  
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MATERIALS AND METHODS 
 
Chemicals and materials 
TMP (Fig. 1) and formic acid were obtained from Sigma-Aldrich (MO, USA). 
Acetonitrile and methanol of HPLC grade were supplied by Burdick & Jackson (Ulsan, 
Korea). Acetic acid (99.9%, HPLC grade) was purchased from J.T Baker (NJ, USA). 
Oasis HLB, MCX, and WAX solid-phase extraction (SPE) cartridges were obtained from 
Waters (MA, USA). 
 
Sample collection 
Sampling area was set in accordance with the 「Sampling with probability 
proportionate to size」and species and number of samples were determined on the basis 
of the consumption of food according to the 「National Health and Nutrition 
Examination Survey, 2011」. Each sample was purchased at least two and sampling 
points within the sampling area were not biased.  
Therefore, livestock and marine products (n=369) including beef (n=75), pork (n=63), 
milk (n=77), egg (n=36), chicken (n=21), flatfish (n=23), jacopever (n=27), common eel 
(n=22), and shrimp (n=25) were purchased from different markets in Seoul, Busan, 
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Incheon, Daegu, Daejeon, Gwangju, Ulsan, and Jeju. Details were given in Fig. 2. All 
solid samples were finely ground with blender and stored in a freezer at -20℃ until use. 
 
Preparation of standard solution 
A stock solution of TMP (100 μg/mL) was dissolved in methanol (Burdick & 
Jackson) and stored at 4℃ in the dark. A new stock solution was prepared monthly. A 
working standard solution (1 μg/mL) was prepared daily diluting in 0.5% formic acid 
with 20% methanol (v/v). For quantification, a calibration curve for TMP was prepared at 
6 concentrations between 0-50 ng/mL (0, 1, 2, 5, 10, and 50 ng/mL) by using 0.5% formic 
acid in 20% methanol (v/v).  
 
Sample preparation and clean-up procedure  
Homogenized sample (1 g) of beef, pork, egg, chicken, flatfish, jacopever, common eel, 
and shrimp and 1 mL of milk were placed into a 50 mL disposable polypropylene 
centrifuge tube and subjected to extraction using 10 mL of acetonitrile (Burdick & 
Jackson). The mixture was homogenized (Heidolph Reax top, Heidolph, Schwabach, 
Germany) for 5 min, sonicated (Power sonic 520, Hwashin Tech., Seoul, Korea) for 10 
min, and centrifuged (Allegra X-22R, Beckman Coulter, Brea, CA, USA) at 1,000×g for 
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10 min. The supernatant was filtered through a syringe filter (Whatman
®
, PVDF 
membrane, pore size 0.45 μm) and evaporated under a gentle stream of nitrogen at 45℃ 
(EYELA GM-2200, Tokyo, Japan). The residue was dissolved in 2 mL of 20% methanol 
(v/v).  
An Oasis HLB cartridge was conditioned using 5 mL of methanol followed by 5 mL of 
distilled water. The entire volume of extract was applied to the HLB cartridge, which was 
subsequently washed with 2 mL of 5% ammonium hydroxide in 10% methanol (v/v). 
After drying the cartridge for 3 min, the residue was eluted using 2 mL of 2% formic acid 
in 80% methanol (v/v). The elution fraction obtained from SPE was diluted using 
deionized water (1:3) and filtered through a syringe filter (Whatman
®
, PVDF membrane, 
pore size 0.2 μm), after which the diluted eluate was injected into a UPLC-ESI-MS/MS 
apparatus. A schematic diagram of the sample preparation was presented in Fig 3. Every 
sample was analyzed in triplicate and results were expressed as a mean value of the total 
residue concentration ± standard deviation (SD). 
 
UPLC-ESI-MS/MS conditions 
LC analysis was performed using an Acquity Ultra Performance (Waters) and ESI-
MS/MS measurement was performed using a Quattro premier XE (Waters). Data were 
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recorded using MassLynx 4.1 software (Waters) on a personal computer. TMP was 
separated on an Acquity UPLC BEH C18 column (2.1 mm × 100 mm, 1.7 μm particle size, 
Waters). The binary mobile phases composed of 0.1% formic acid in deionized water (A) 
and 0.1% formic acid in acetonitrile (B) were used. The gradient conditions started at 5% 
B and increased to 80% B within 3 min, followed by holding at 80% B until 4 min. At 4.1 
min, the gradient was programmed to re-equilibrate the column for 1.9 min under initial 
conditions. The total time of analysis was 6.0 min. The flow rate was 0.3 mL/min and the 
injection volume was 20 μL in full-loop mode (Table 2).  
MS determination was performed with MRM experiments in ESI positive ion mode 
combined with monitoring of the most abundant MS/MS (precursor→product) ion 
transitions using a dwell time of 0.04s. Details were given in Table 3. The MS parameters 
were a capillary voltage of 3.5 kV, a source temperature of 150℃, a desolvation 




RESULTS & DISCUSSION 
 
Method validation 
The proposed method was validated following CODEX guidelines (FAO, 2009) for 
quantitative method. All results were consistent with the CODEX recommendation, 
which indicated that the proposed method was suitable for analyzing the TMP antibiotic. 
The linearity, limit of detection (LOD), and limit of quantitation (LOQ) for each 
species of matrices were shown in Table 4. The linearity was calibrated from 0 to 50 
ng/mL (6 points) and the squared correlation coefficient (r
2
) was greater than 0.999. The 
LOD is the lowest concentration of analyte that an analytical process can reliably 
differentiate from background levels, while the LOQ is the lowest concentration of 
analyte that can be quantified. LOD and LOQ values were calculated based on signal-to-
noise ratio (S/N) values of 3.3 and 10, respectively. The LOD ranged from 0.15 to 0.30 
μg/kg and the LOQ ranged between 0.5 and 1.0 μg/kg depending upon species of samples.  
Recovery of the analyte was replicated 6x at levels of 1/2×MRL, MRL, and 2×MRL in 
accordance with the Food Code in Korea (Table 5). The results of recovery were 76.84-
80.52% for beef, 81.13-90.81% for pork, 81.50-85.34% for milk, 83.68-87.04% for egg, 
87.92-95.55% for chicken, 72.18-81.07% for flatfish, 85.64-93.13% for jacopever, 75.05-
81.99% for common eel, and 70.08-80.03% for shrimp. The results were within the 
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acceptance criteria (60-120%) of the CODEX for validating analytical method (Fig. 4). 
Relative standard deviation (RSD, %) results were 3.52-9.60% for beef, 4.27-5.00% for 
pork, 2.84-5.85% for chicken, 3.53-4.57% for milk, 4.39-6.70% for egg, 2.74-8.29% for 
flatfish, 2.12-4.70% for jacopever, 2.22-4.33% for common eel, and 1.93-6.16% for 
shrimp. These values of results did not exceed 9.60%, indicating high precision and 
reliability of the method (Table 5).  
 
UPLC-ESI-MS/MS optimization 
Chromatographic conditions of UPLC were examined in order to acquire excellent 
separation and retention for the analytes. Some experiments were performed to test the 
different mobile phases consisting of acetonitrile and distilled water with formic acid 
(0.1%) or ammonium formate (5 mM). Therefore, the addition of 0.1% formic acid 
showed better results than ammonium formate, and improved the ionization efficiency. In 
addition, formic acid and acetonitrile had a significant impact on improving sharp peak 
shape and resolution for TMP (Lina et al., 2011; Junza et al., 2014). Other parameters 
such as gradient profile, flow rate, and injection volume were evaluated in order to 
acquire a reliable separation. The 6 min of run time was obtained with the optimum 
conditions for the separation of TMP and the UPLC system showed advantages with 
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respect to speed, sensitivity, and resolution as an attractive option for analysis of TMP in 
animal origin samples.  
In MS/MS system, the protonated molecular ion [M+H]
+
was selected as precursor ion 
for TMP, and the product ions were acquired according to the collision energy (eV). The 
ions in the MRM mode were produced by collision-activated dissociation of selected 
precursor ions in the collision cell of the triple quadrupole and analyzed with the second 
analyser of the instrument (Junza et al., 2011). Moreover, MRM mode increased the 
sensitivity and selectivity of the determination. Two transitions were followed for TMP; 
one was used for quantification and the other for identification. The most abundant ion 
was at m/z = 230. To obtain maximum sensitivity for TMP, MS/MS conditions such as, 
capillary voltage, source temperature, and desolvation temperature were optimized by 
direct infusion into the detector of standard solution (10 ng/mL). The acquired 
chromatogram showed a good resolution for TMP and was described in Fig. 5.  
TMP levels were determined using UPLC-ESI-MS/MS in all species of samples to 
avoid false positive errors due to matrix interference. Comparison with background noise 
levels in 9 species of matrices showed no interference peaks detected at the expected 
retention time of TMP. The detected samples were confirmed by the transition ion ratio. 
As shown in Fig.6, the intensity of quantitative ion (291>230) and qualitative ion 
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(291>123) were 1.42 e
6
 (100%) and 1.09 e
6
 (76.8%) in standard solution, and 3.69e
4
 
(100%) and 3.00 e
4
 (81.3%) in detected jacopever sample, respectively. The ion ratios of 
detected samples were agreed with those of standards.  
 
Optimization of sample preparation and SPE procedure 
 Sample preparation was concentrated on the establishment of the most proper 
conditions used for the extraction of TMP residue from livestock and marine products. 
This method involved the solid-liquid extraction, ultrasonic-assisted extraction, and a step 
of SPE to pre-concentrate and clean up extracts; the analytes were extracted with 
acetonitrile and purified by Oasis HLB cartridge.  
Several extraction solvent mixtures were tested. Each species of sample fortified with 
20 μg/kg of TMP was extracted with solutions of 80% and 100% acetonitrile/water (v/v). 
Additionally trichloroacetic acid in different ratio from 0 to 5% (v/v) was added to 
extraction solvent. As a result, the extraction of 100% acetonitrile (v/v) without the 
addition of trichloroacetic acid was shown to the most effective recoveries and lowest 
RSD (%) in 9 species of matrices. Furthermore, the final concentrated extract was 
dissolved in 10% methanol and 20% methanol, respectively. Thus, the recoveries were 
higher when the residue was dissolved in 20% methanol (Fig. 7).  
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Solvent extraction including centrifugation and syringe filtration was performed, which 
enabled deproteinization and defatting of samples and also elimination of matrix 
interference. Ultrasound is also an effective pretreatment because the energy promoted 
the step of sample preparation, such as dissolution, fusion, and leaching (De Castro and 
Da Silva, 1997; Marilena and Nikolaos, 2015).  
Furthermore, at this initial step of method development, extracts were directly injected 
into the UPLC-MS/MS apparatus without clean-up in order to confirm whether a clean-
up step was required or whether adequate results could be acquired without sample 
manipulation. Consequently, use of SPE cartridges showed a crucial effect on recovery of 
the analyte. The SPE cartridge purification step was kept as simple as possible for 
minimization of ion suppression effects due to the complexity of the sample matrix.  
In order to establish the optimum conditions for the SPE procedure we have considered 
the evaluation of 3 different SPE cartridges to clean up and preconcentrate the TMP in 
samples. The HLB cartridge is a high-performance, water-wettable copolymer and a 
hydrophilic-lipophilic balanced reversed-phase sorbent for acid, basic, and neutral 
compounds. The MCX cartridge is a mixed-mode cation exchange sorbent for bases, and 
the WAX cartridge is a mixed-mode weak anion exchange sorbent for strong acids. 
Mixed-mode sorbents provide both reversed-phase and ion exchange modes of retention, 
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enabling greater cleanup selectivity and sensitivity for both acidic and basic compounds 
(Waters, 2015). 
In this study, SPE clean-up procedures for analyte extracts in blank milk sample spiked 
with 20 μg/kg TMP was investigated using Oasis HLB, Oasis MCX, and Oasis WAX SPE 
cartridges. Both recoveries of MCX and WAX cartridge were ranged from 44.0 to 49.1% 
and HLB cartridge recovery was 86.4%. Thus, the HLB cartridge was used. Besides, the 
HLB cartridge is commonly available on the market and the type of sorbent covers a large 
variety of polarities. Therefore, the HLB cartridge is useful for dealing with a wide range 
of analytes (Perez-Burgos et al., 2012).  
Conditioning and equilibration of the SPE cartridge were performed with 100% 
methanol and 100% distilled water, respectively. Methanol was adequate for elimination 
of interference and for elution of TMP residues from cartridges. The ratio of organic 
solvents for washing and elution steps was investigated using basic and acidic solvents by 
spectrophotometer (UV-2550, Shimadzu, Kyoto, Japan). Consequently both 5% NH4OH 
in 10% methanol (washing solvent) and 2% formic acid in 80% methanol (elution 
solvent) showed improvement in recoveries (Fig. 8). The proper selection of the 




Application of the proposed method to animal products 
TMP was analyzed in 369 livestock and marine products including 75 beef, 63 pork, 77 
milk, 36 egg, 21 chicken, 23 flatfish, 27 jacopever, 22 common eel, and 25 shrimp (Table 
6). The results are listed in Table 7. The residues were detected in 7 marine product 
samples (1.9% incidence) ; 5 out of 27 jacopever samples (18.5% incidence), 1 out of 23 
flatfish samples (4.3% incidence), and 1 out of 22 common eel samples (4.3% incidence). 
Detected concentrations were 1.17 to 16.43 μg/kg in jacopever, 40.0 μg/kg in flatfish, and 
13.3 μg/kg in common eel. All detected product samples were shown below the legal 
residue limit of 20-50 μg/kg in Korea (Table 4). These residues of samples may be 
resulted from treatment or prevention of a particular type of infection/disease, or from 
contamination during production. 
Furthermore, the risk value based on the TMP exposure by food intake was calculated 
using the EDI (estimated daily intake) and ADI (acceptable daily intake). Compared with 
ADI (0.0042 mg/kg b.w./day), the risk value was safe level of 0.13%. Details were given 
in Table 8. As shown in Fig. 9, the food contribution for EDI was higher in jacopever 
(58.0%), flatfish (31.9%), and common eel (10.1%).  
Generally, a combination of TMP and sulfadiazine is sold under the name Aqua-
Sulprim
®  
made by the Korea Thumb Vet Company (Iksan, Korea). The combination of 
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trimethoprim and sulfadiazine is often medicated for treatment of vibriosis in flatfish, 
jacopever, common eel, and yellowtail in Korea (Chung, 2008). Furthermore, Won et al. 
(2011) were mentioned that the monitoring of TMP residue was necessary in marine 
products due to the combination use of sulfadiazine and TMP. It reported that sulfadiazine 
was found in 1 flatfish (14 μg/kg) and 1 jacopever (26 μg/kg). The level of sulfadiazine 
residue in marine products exhibited considerable similarity with results reported here in. 
Therefore, it will be necessary to implement a continuous monitoring of TMP and 
sulfonamide residues in livestock and marine products. 
In this study, the incidence of TMP residues was more common in jacopever. In Korea, 
the usual dose for fish is 6-30 mg/kg of body weight with a withdrawal period of 30 days 
(National institute of fisheries science, 2011). As well as, intensive farming, which can 
lead to a high potential for spread of infectious disease, has been maintained to satisfy an 
increasing demand for marine products in Korea. Moreover, pharmacokinetics in 
aquaculture and stockbreeding were affected by species specificity, health conditions, age, 
size, water temperature, and salinity (Quzhong and Xeumei, 2007). Thus, proper usage of 
veterinary drugs and observance of withdrawal periods were required.  
According to the Korean National Health & Nutrition Examination Survey, intake 
frequencies per week for livestock and marine products were between 0.5 and 2.6 times 
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for 12 years or older consumers (Korea Health Statistics 2011: Korea National Health and 
Nutrition Examination Survey, 2011). Besides, in Korea and other countries in Southeast 
Asia, many people traditionally consume a variety of livestock byproducts, such as blood, 
guts, and bones as foods (Choi et al., 2011) and enjoy jacopever and flatfish sashimi. 
Consequently, the survey of TMP residues in animal origin products is important in 





A simple and reliable method was developed for the rapid analysis of TMP residues in 
livestock and marine products using a UPLC-ESI-MS/MS system. The UPLC had a 
beneficial advantage in speed, sensitivity, and resolution. The sample preparation 
methods through the ultrasonic-assisted extraction and SPE clean-up procedure were 
increased the recovery and reduced the matrix effects. The recoveries of TMP in livestock 
and marine products were higher than 70%, and the LOD and LOQ values were lower 
than the established MRLs in Korea. Furthermore, acquired validation parameters fully 
complied with CODEX recommendations. 
A large number of animal origin products commercialized in Korea were analyzed and 
quantified using the proposed method. The residues of TMP were detected in 7 samples 
(1.9% incidence) but residue levels were below the MRL, and the risk value was safe 
level of 0.13%. Although TMP residues appeared to be at relatively safe levels in 
livestock and marine products, the possibility of antibiotic misuse and violation of 
withdrawal period could occur. Therefore, this monitoring of TMP in livestock and 




Table 1. Maximum residues limits of TMP in Korea  
Food mg/kg 
Cattle, Pig, Sheep, 
Goat, Poultry 
Muscle, Liver, Fat, Kidney 0.05 
Equine Muscle, Liver, Fat, Kidney 0.1 
Egg  0.02 




Table 2. Analytical conditions of LC-ESI-MS/MS for analysis of TMP 
 
 Items Conditions 
LC 
Instrument Acquity ultra performance LC 
Column Acuity UPLC BEH C18 (2.1×10 mm, 1.7 um) 
Mobile phase 
A: 0.1% formic acid in DW 
B: 0.1% formic acid in acetonitrile 
Gradient 
Time (min) A (%) B (%) 
Initial 95 5 
3.0 20 80 
4.0 20 80 
4.1 95 5 
6.0 95 5 
 
MS 
Flow rate 0.3 mL/min 
Injection volume 20 μL 
Instrument Quattro Premier XE 
Ionization mode ES+ 
Capillary voltage 3.5 kV 
Cone voltage 35 V 
Source temperature 150℃ 
Desolvation temperature 800℃ 
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230 35 22 
123 35 25 
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Beef 0.3 1.0 y=264.54x+69.95 0.9994 
Pork 0.3 1.0 y=219.34x+59.21 0.9991 
Chicken 0.15 1.0 y=256.33x+49.86 0.9991 
Milk 0.3 0.5 y=269.08x+63.84 0.9991 
Egg 0.3 1.0 y=226.14x+13.69 0.9995 
Flatfish 0.3 1.0 y=274.78x+130.61 0.9999 
Jacopever 0.3 1.0 y=288.73x+96.30 0.9993 
Common eel 0.3 1.0 y=233.06x+33.75 0.9997 
Shrimp 0.3 1.0 y=146.32x+104.75 0.9991 
a
 Limit of detection. 
b
 Limit of quantification. 
c
 x = concentration of TMP (μg/kg), y = intensity. 
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1/2 MRL 76.84±2.74 3.52 
MRL 78.18±3.77 4.82 
2 MRL 80.52±7.73 9.60 
Pork 
1/2 MRL 81.13±4.06 5.00 
MRL 90.81±4.49 4.94 
2 MRL 86.15±3.68 4.27 
Chicken 
1/2 MRL 87.92±2.50 2.84 
MRL 94.44±5.52 5.85 
2 MRL 95.55±3.68 3.19 
Milk 
1/2 MRL 85.34±3.67 4.30 
MRL 81.50±2.87 3.53 
2 MRL 84.71±3.87 4.57 
Egg 
1/2 MRL 85.29±3.63 4.25 
MRL 83.68±3.67 4.39 
2 MRL 87.04±5.83 6.70 
Flatfish 
1/2 MRL 72.18±1.88 2.74 
MRL 77.80±2.26  2.91 
2 MRL 81.07±6.72 8.29 
Jacopever 
1/2 MRL 85.64±2.98 3.48 
MRL 86.24±3.82 4.70 
2 MRL 93.13±1.97 2.12 
Common eel 
1/2 MRL 75.05±1.89 2.52 
MRL 81.99±3.55 4.33 
2 MRL 77.10±1.71 2.22 
Shrimp 
1/2 MRL 70.08±4.32 6.16 
MRL 80.03±2.11 2.64 
2 MRL 75.58±1.46 1.93 
a
 Standard deviation  
b
 Relative standard deviation 
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Table 6. Number of samples according to the sampling area 
 
 
Seoul Busan Incheon Daegu Gwangju Daejeon Ulsan Jeju Total 
Beef 33 14 8 8 3 3 4 2 75 
Pork 28 11 7 6 3 3 2 3 63 
Milk 34 14 9 7 4 4 2 3 77 
Chicken 6 3 2 2 2 2 2 2 21 
Egg 9 6 3 3 5 4 4 2 36 
Flatfish 6 3 2 2 2 2 2 4 23 
Common 
eel 
5 4 2 2 3 2 2 2 22 
Jacopever 8 4 2 2 2 2 3 4 27 
Shrimp 8 4 2 2 2 2 2 3 25 
Total 137 63 37 34 26 24 23 25 369 
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Table 7. Incidence and range of TMP level in 369 livestock and marine products  
 
















Flatfish n=23 1 40.0 
Common eel n=22 1 13.1 








Table 8. Assessment of dietary intake and risk value of detected antibiotics 












Jacopever 5/27 0.0012-0.0164 36.23 0.0000034 0.08 
Common 
eel 
1/22 0.0131 54.30 0.0000006 0.01 







 Number of detected sample/total sample 
2)
 From Korean National Health and Nutrition Examination Survey 
3)
 EDI (mg/person/day) = Food intake (kg/person/day) × detected concentration in food 
(mg/kg) 
4)
 Risk value (%) 
5)











































Fig. 2. The sampling number by areas according to the 「Sampling with probability 








Seoul 10.206 43.9 
Busan 3,359 15.2 
Incheon 2,840 12.2 
Daegu 2,508 10.8 
Gwangju 1,471 6.4 
Daejeon 1,525 6.6 
Ulsan 1,147 4.9 










Beef 75 0 
Pork 63 0 
Milk 77 0 
Chicken 21 0 
Egg 36 0 
Flatfish 23 1 
Common eel 22 1 
Jacopever 27 5 
Shrimp 25 0 






















Fig. 3. Schematic diagram of the extraction procedure for determination of TMP in 
livestock and marine products (Left; preparation of samples, Right; SPE clean-up 
procedure). 
Weigh 2 g sample into a 50 ml polypropylene 
tube 
Add 10 ml extraction solution (: Acetonitrile) 
Mix and ultrasonicate for 10 min 
Centrifuge at 4500 rpm for 10min  
Filter through 0.45 um syringe filter 
Evaporate to dry at 45℃ under a stream of 
nitrogen 
Dissolve in 2 ml of 20% methanol 
Condition/Equilibrate 
A. 5 ml methanol, B. 5 ml DW 
Load 2 ml sample (1~3 mL/min) 




Vacuum dry for 5 min 
Elute with 2 ml of 2% formic acid in 80% 
methanol (1~3 mL/min) 
Elute : DW= 1:3 












Fig. 4. Average recoveries measured in livestock and marine products. The results were 
within the acceptance criteria of the CODEX guideline (60-120%).  
CODEX guideline acceptable range 





Fig. 5. Chromatograms of TMP obtained from a pork muscle sample fortified at 10 μg/kg 
using UPLC-ESI-MS/MS in positive ion mode. For confirmation, 2 characteristic 
fragmentations of the protonated molecular ion [M+H]
+
 were monitored. The most 
abundant fragment (m/z 229.77) was used for quantification, while the other was used as 































Fig. 6. UPLC-ESI-MS/MS chromatogram of TMP standard solution (left) and detected 
jacopever samples (right). The detected samples were confirmed by the transition ion 
ratio. The intensity of quantitative ion (291>230) and qualitative ion (291>123) were 1.42 
e
6
 (100%) and 1.09 e
6
 (76.8%) in standard solution, and 3.69e
4
 (100%) and 3.00 e
4
 































Fig. 7. Optimization of samples preparation. TMP residue was extracted with 80% and 
100% acetonitrile, respectively (A). Additionally, trichloroacetic acid in different ratio 
from 0 to 5% was added to extraction solvent (B). As a result, the extraction of 100% 
acetonitrile (v/v) without addition of trichloroacetic acid was shown to the most effective 
recoveries. Furthermore, the recoveries were higher when the residue was dissolved in 
















Fig. 8. Optimization of the wash and elution step condition for the SPE procedure 
obtained by Spectrophotometer (270 nm). The optimal ratio of organic solvent was 5% 
NH4OH in 10% methanol for washing step and 2% formic acid in 80% methanol for 
elution step.  
 
Maximum % organic wash condition 
(Absorbance) 
Base modified wash condition (5%NH
4
OH) Acid modified elute condition (2%Formic acid) 





















Fig. 9. The food contribution for estimated daily intake from TMP residue. It was higher 
in jacopever (58.0%), flatfish (31.9%), and common eel (10.1%), respectively. There was 





Three specific and reliable methods were developed for the determination of 13 
quinolones, 9 cephalosporins, and TMP in livestock and marine products using UPLC-
ESI-MS/MS. The proposed method was validated according to the CODEX guidelines 
and all results were fully complied with CODEX recommendations. Good linearities were 
achieved and the correlation coefficients were ranged between 0.9990 and 0.9999. Both 
the LOD and LOQ were below the MRLs established by MFDS. The analytical methods 
using UPLC-ESI-MS/MS involved significant advantages with respect to high sensitivity, 
speed, and resolution, making them an attractive choice for the analysis of antibiotics 
residues in livestock and marine products. The sample preparation methods through solid-
liquid extraction, ultrasonic-assisted extraction, and SPE clean-up reduced the matrix 
effects and increased the recovery. Moreover, the matrix-matched calibration curves with 
internal standard played important roles in compensating for the matrix effects.  
A survey for 13 quinolones, 9 cephalosporins, and TMP residues was performed using 
the proposed method. The residues of quinolones were detected in 104 out of 310 (33.5% 
incidence) livestock and marine products below the MRLs. However, pefloxacin was 
detected in one common eel above the legal residue limit. Oxolinic acid, enrofloxacin, 
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and flumequine were the most commonly detected antibiotics. The residues of 9 
cephalosporins were detected in 12 out of 333 samples (3.6% incidence) and detected 
antibiotics were cefalonium in beef and cefquinome in milk. The residue of TMP was 
detected in only 7 out of 369 samples (1.9% incidence) below the MRLs. The risk values 
of 13 quinolones, 9 cephalosporins, and TMP were under safe levels. Although the 
residual concentration appeared to be at within the safety levels, the possibility of 
antibiotic misuse and violation of withdrawal period could occur. Therefore, the effort to 
refine and improve national system for monitoring and management of antibiotic residues 




Ana Juan-Garcia, Guillermina Font, Yolanda Pico (2006) Determination of quinolones 
residues in chicken and fish by capillary electrophoresis-mass spectrometry. 
Electrophoresis 27:2246-2249. 
Andreia Freitas, Jorge Barbosa, Fernando Ramos (2013) Development and validation of a 
multi-residue and multiclass ultra-high-pressure liquid chromatography-tandem 
mass spectrometry screening of antibiotics in milk. International dairy journal 
33:38-43. 
Andreia Freitas, Jorge Barbosa, Fernando Ramos (2014) Multi-residue and multi-calss 
method for the determination of antibiotics in bovine muscle by ultra-high-
performance liquid chromatography tandem mass spectrometry. Meat Science 
98:58.64. 
Anna Gajda, Andrzej Posyniak, Jan Zmudzki, Malgorzata Gbylik, Tomasz Bladek (2012) 
Determination of (fluoro)quinolones in eggs by liquid chromatography with 
fluorescence detection and confirmation by liquid chromatography-tandem mass 
spectrometry. Food chemistry 135(2): 430-439. 
Anne-Catherine Huet, Carolin Charlier, Sheryl A Tittlemier, Gurmit Singh, Samuel 
Benrejeb, Philippe Delahaut (2006) Simultaneous determination of 
(fluoro)quinolone antibiotics in kidney, marine products, eggs, and muscle by 
enzyme-linked immunosorbent assay (ELISA). Journal of Agricultural and food 
chemistry 54:2822-2827. 
Anne-Catherine Huet, Carolin Charlier, Gurmit Singh, Samuel Benrejeb, Leivo J, 
Vehniainen M, Nielen M.W.F.Weighel S, Delahaut Ph (2008) Development of an 
optical surface plasmon resonance biosensor assay for (fluoro)quiniolones in egg, 
fish, and poultry meat. Analytica Chimica Acta 623:195-203. 
Antonia Garrido Frenich, Maria del Mar Aguilera-Luiz, Jose Luis Martinez Vidal, 
Roberto Romero-Gonzalez (2010) Comparison of several extraction techniques 
for multiclass analysis of veterinary drugs in eggs using ultra-high pressure liquid 
chromatography-tandem mass spectrometry. Analytica Chimica Acta 661:150-160. 
Asami S, Hatsugai K, Osawa K, Nakabayashi Y, Nakajima T, Nippon Juishikai Zasshi 
(2000) Confirmation of quinolone antibacterials in porcine meat and kidneys by  
gas chromatography-mass spectrometry using selected ion monitoring. Nippon 
Juishikai Zasshi 52: 225-231. 
Ashwin Helen, Stead Sara, Caldow Marianne, Sharman Matthew, Stark Jacques, de Rijk 
Angelique, Keely Brendan J (2009) A rapid microbial inhibition-based screening 
strategy for fluoroquinolone and quinolone residues in foods of animal origin. 
Analytica Chimica Acta 637:241-246. 
Bailac S, Ballesteros O, Jimenez-Lozano E, Barron D, Sanz-Nebot V, Navalon A,  
Vilchez J.L, Barbosa J (2004) Determination of quinolones in chicken tissues by 
liquid chromatography with ultraviolet absorbance detection. Journal of 
Chromatography A 1029:145-151. 
137 
 
Barron D, Jimenez-Lozano E, Bailac S, Barbosa J (2002) Determination of difloxacin and 
sarafloxacin in chicken muscle using solid-phase extraction and capillary 
electrophoresis. Journal of chromatography B 767:313-319. 
Barron D, Jimenez-Lozano E, Bailac S, Barbosa J (2003) Simultaneous determination of 
flumequin and oxolinic acid in chicken tissues by solid phase extraction and 
capillary electrophoresis. Analytica Chimica Acta 477:21-27. 
Batzias G.C, Botsoglou N.A, Kotsaki-Kovatsi V.P, Kounesis G (2002) New simple liquid 
chromatographic method for the determination of trimethoprim, sulfadiazine and 
N4-acetylsulfadiazine in plasma of broilers. Journal of Chromatography. B, 
Biomedical Science and Applications. 769: 253-259. 
Bedor D.C.G, Goncalves T.M., Ferreira M.L.L, de Sousa C.E.M, Menezes A.L, Oliveira 
E.J, de Santana D.P (2008) Simultaneous determination of sulfamethoxazole and 
trimethoprim in biological fluids for high-throughput analysis: Comparison of 
HPLC with ultraviolet and tandem mass spectrometric detection. Journal of 
chromatography B. 863: 46-54. 
Belal F, Al-Majed A.A, Al-Obaid A.M (1999) Method of analysis of 4 quiniolone 
antibacterials. Talanta 50:765-786. 
Blasco Cristina, Corcia Antonio Di, Pico Yolanda (2009) Determination of tetracyclines 
in multispecies animal tissues by pressurized liquid extraction and liquid 
chromatography-tandem mass spectrometry. Food Chemistry 116:1005-1012. 
Bruno F, Curini R, di Corcia A, Nazaari M, Samperi R (2001) Solid-phase extraction 
followed by liquid chromatography-mass spectrometry for trace determination of 
beta-lactam antibiotics in bovine milk. Journal of agricultural and food chemistry 
49: 3463-3470. 
Bucknall S, Silverlightu J, Coklham N, Thorne L, Jackman R (2003) Development of 
monoclonal immunoassays for the determination of lomefloxacin residue. Food 
Additives and contaminants 20:221-228. 
CCRVDF (Codex Committee on Residues of Veterinary Drugs in Foods) (2009) 
Guidelines for the design and implementation of national regulatory food safety 
assurance programme associated with the use of veterinary drugs in food 
producing animals. http://www.codexalimentarius. org/committes-and-task-forces/ 
Choi Jeong-Heui, M.I.R. Mamun, A.M. Adb El-ty, Park Jong-Hyouk, Shin Eun-Ho, Park 
Ji Yeon, Cho Soon-Kil, Shin Sung Chul, Lee Kang Bong, Shim Jae-Han (2011) 
Development of a single-step precipitation cleanup method for the determination 
of enrofloxacin, ciprofloxacin, and danofloxacin in porcine plasma. Food 
Chemistry 127:1878-1883. 
Christine M. Karbiwnyk (2007) Determination of quinolone residues in shrimp using 
liquid chromatography with fluorescence detection and residue confirmation by 
mass spectrometry. Analytica Chimica Acta 596:257-263. 
Christodoulou EA, Samanidou VF, Papadpuammos IN (2007) Validation of an HPLC-UV 
method according to the European Union Decision 2002/657/EC for the 
simultaneous determination of 10 quinolones in chicken muscle and egg yolk. J. 
Chromatography B 859: 246-255. 
138 
 
Chung, J. K (2008) The research of the antibiotics reduction in aquarium and the 
environmental influence of parasiticide. Ministry of Food, Agriculture, Forestry 
and Fisheries & Pukyong National University Press, KOREA 
Cinquina A.L, Roberti P, Giannetti L, Longo F, Draisci R, Fagiolo A, Brizioli N.R (2003) 
Determination of enrofloxacin and its metabolite ciprofloxacin in goat milk by 
high performance liquid chromatography with diode-array detection: 
Optimization and validation. Journal of Chromatography A 987:221-226. 
Clifton K.Fagerquist, Alan R.Lightfield, Steven J.Leghotay (2005) Confirmatory and 
quantitative analysis of β-lactam antibiotics in bovine kidney tissue by dispersive 
solid-phase extraction and liquid chromatography-tandem mass spectrometry. 
Analytical chemistry 77: 1473-1482. 
Cornelis A. Kan and Michael Petz (2000) Residues of veterinary drugs in eggs and their 
distribution between yolk and white. Journal of agricultural and food chemistry 
48 : 6397-6403. 
Council Regulation (EEC) No. 2377/90 (1990), Off. J. Eur. Commun. L 224: 1-8. 
Consolidated version of the AnnexedⅠto Ⅳ of the Council Regulation 2377 
/90/EC. Updated up to 12.10.2005.http://www.ec.europa.eu/enterprise/phamaceuti 
cals /pharmacos/index_en.htm. 
Croubels S, De Baere S, De Backer P (2003) Comparison of a liquid chromatographic 
method with ultraviolet and ion-trap tandem mass spectrometric detection for the 
simultaneous determination of sulfadiazine and trimethoprim in plasma from 
dogs. Journal of chromatography B. 788: 167-178. 
De Castro M.D. Luque and da Silva M.P. (1997) Strategies for solid sample treatment. 
Trends in analytical chemistry 16: 16-24. 
De Diego Glaria, M., Moscciati, Moscciati, G.G., Ramos, R.G (2005) Determination of 
ceftriaxone in cerebrospinal fluid by ion-pair liquid chromatography. Journal of 
AOAC international 88: 436-439. 
Di Corcia Antonio and Nazzari Manuela (2002) Liquid chromatographic mass spectro- 
metric methods for analyzing antibiotic and antibacterial agents in animal food 
production. Journal of chromatography A 974 : 53-89.  
Eleni A. Christodoulou, Victoria F. Samanidou, Ioannis N. Papadoyannis (2007) 
Validation of an HPLC-UV method according to the European Union Decision 
2002/657/EC for the simultaneous determination of 10 quinolones in chicken 
muscle and egg yolk. Journal of Chromatography B 859:246-255 
EU. Commission of the European Communities, Regulation No. 37/2010 of 22 December 
2009 on pharmacologically active substances and their classification regarding 
maximum residue limits in foodstuffs of animal origin. (2009) Official Journal of 
the European Union. L15/1-L15/5. 
EU. Council regulation No 1831/2003 of the European Parliament and of the Council of 
22 September 2003. (2003) Official journal of the European communities. L268, 
29. 
European Union and the Joint FAO/WHO Expert Committee on Food additives. Codex 
veterinary drug residue in food online database. 
Available from: http://www.codexalimentarius.net/web/jecfa.jsp. 
139 
 
Fabrega, F. and Sanchez-Cespedes (2011) Emergency of resistant Salmonella spp : new 
challenges, new trends. Gastoenterology and hepatology from bed to bench 
4(3):99-101.  
Fagerquist CK and Lightfield AR (2003) Confirmatory analysis of beta-lactam antibiotics 
in kidney tissue by liquid chromatography/electrospray ionization selective 
reaction monitoring ion trap tandem mass spectrometry. Rapid communication in 
mass spectrometry 17:660-671. 
FAO (Food and Agriculture Organization of the United Nations) (2009) Codex  
Guidelines for the design and implementation of national regulatory food safety 
assurance programme associated with the use of veterinary drug in food 
producing animals. CAC/GL 71 In: Codex International food Standards. 
FDA (Food and Drug Administration, Center for Drug Administration, Center for 
Veterinary Medicine) (1998) Guidance for Industry, Validation of Analytical 
Procedures:Methodology Availablefrom:http://www.fda.gov/downloads/animalve 
terinary/guidancecomplianceenforcement/guidanceforindustry/ucm052379.pdf  
Galarini R, Fioroni L, Angelucci F, Tovo GR, Cristofani E (2009) Simultaneous 
determination of eleven quinolones in animal feed by LC with fluorescence and 
ultraviolet absorbance detection. Journal of chromatography A 1216:8158-8164. 
Garces A, Zerzanova A, Kucera R, Barron D, Barbosa J (2006) Determination of a series 
of quinolones in pig plasma using solid-phase extraction and liquid 
chromatography coupled with mass spectrometric detection: Application to 
pharmacokinetic studies. Journal of Chromatography A 1137:22-29. 
Giampiero Scortichini, Laredana Annunziata, Valeria Di Girolamo, Roberta Buratti, 
Roberta Galarini (2009) Validation of an enzyme-linked immunosorbent assay 
screening for quinolones in egg, poultry muscle and feed samples. Analytica 
Chimica Acta 637:273-278. 
Gigosos P.G, Revesado P.R, Cadahia O, Fente C.A, Vazquez B.I, Franco C.M, Cepeda A 
(2000) Determination of quinolones in animal tissues and eggs by high 
performance liquid chromatography with photodiode-array detection. Journal of 
Chromatography A 871:31-36. 
Hernandez-Arteseros J.A, Barbosa J, Compano R, Prat M.D (2002) Analysis of quinolone 
residue in edible animal products. Journal of chromatography A 945:1-24. 
Hermo M.P, Barron D, Barbosa J (2006) Development of analytical methods for 
multiresidue determination of quinolones in pig muscle samples by liquid 
chromatography with ultraviolet detection, liquid chromatography-mass 
spectrometry and liquid chromagraphy-tandem mass psectrometry. Journal of 
Chromatography A 1104:132-139. 
Hermo M.P, Gomez-Rodriguez P, Barbosa J, Barron D (2013) Metabolomic assays of 
amoxicillin, cephapirin and ceftiofur in chicken muscle: Application to treated 
chicken samples by liquid chromatography quadrupole time-of-flight mass 
spectrometry. Journal of pharmaceutical and biomedical analysis 85: 169-178. 
Herranz S, Moreno-Bondi M.C, Marazuela M.D (2007) Development of a new sample 
pretreatment procedure based on pressurized liquid extraction for the 
determination of fluoroquinolone residues in table eggs. Journal of 
Chromatography A 1140:63-70. 
140 
 
Hiren N. Mistri, Arvind G. Jangid, Ashutosh Pudage, Alay Shah, & Pranav S. Shrivastav 
(2010) Simultaneous determination of sulfamethoxazole and trimethoprim in 
microgram quantities from low plasma volume by liquid chromatography-tandem 
mass spectrometry. Microchemical Journal. 94: 130-138. 
Hong Zhang, Yiping Ren, Xiaoli Bao (2009) Simultaneous determination of 
(fluoro)quinolones antibacterials residues in bovine milk using ultra performance 
liquid chromatography-tandem mass spectrometry. Journal of Pharmaceutical and 
Biomedical Analysis 49:367-374. 
Hooper DC (1998) A mutation in Escherichia coli DNA Gyrase conferring quinolone 
resistance results in sensitivity to drugs targeting eukaryotic topoisomerase Ⅱ. 
Biochimica et biophysica acta 1400:45-61. 
Hooper D.C (1998) Clinical applications of quinolones. Biochimica et biophysica acta 
1400:45-61. 
Hou Xiao-Lin, Wu Yin-Liang, Yan Lv, Xu Xiu-Qin, Zhao Jian, Yang Ting (2013) Develop 
ment and validation of an ultra high performance liquid chromatography tandem 
mass spectrometry method for determination of 10 cephalosporins and 
desacetylcefapirin in milk. Journal of chromatography B. 931: 6-11. 
Hui Li, Hanwen Sun, Jingxuan Zhang, Kun Pang (2013) Highly sensitive and 
simultaneous determination of sixteen sulphonamide antibiotics, four acetyled 
metabolites and trimethoprim in meat by rapid resolution liquid chromatography-
tandem mass spectrometry. Food control 31: 359-365. 
Isabelli N. Dias, Bruno S. Souza, Joao H.O.S.Pereira, Francisca C.Moreira, Marcia 
Dezotti, Rui A.R.Boaventura, Vitor J.P.Vilar (2014) Enhancement of the Photo-
Fenton reaction at near neutral pH through the use of ferrioxalate complexes: A 
case study on trimethoprim and sulfamethoxazole antibiotics removal from 
aqueous solutions. Chemical Engineering Journal. 247:302-313.  
Joseph M.Storey, Susan B.Clark, Aaron S.Johnson, Wendy C.Andersen, Sherri 
B.Turnipseed, Jack J.Lohne, Robert J.Burger, Patrick R.Ayres, Justin R. Carr, 
Mark R.Madson (2014) Analysis of sulfonamides, trimethoprim, 
fluoroquinolones, quinolones, triphnylmethane dyes and methyltestosterone in 
fish and shrimp using liquid chromatography-mass spectrometry. Journal of 
Chromatography B 972:38-47. 
Juhel-Gaugain M and Abjean J.P (1998) Screening of quinolone residues in pig muscle by 
planar chromatography. Chromatographia 47:101-104. 
Junza A, Amatya R, Barron D, Borbosa J (2011) Comparative study of the LC-MS/MS 
and UPLC-MS/MS for the multi-residue analysis of quinolones, penicillins, and 
cephalosporins in cow milk, and validation according to the regulation 
2002/657/EC. Journal of chromatography B. 879: 2601-2610. 
Junza A, Dorival-Garcia N,  Zafra-Gomez A, Barron D, Ballesteros O, Barbosa J, 
Nalvlon A (2014) Multicalss method for the determination of quinolones and β-
lactams, in raw cow milk using dispersive liquid-liquid microextraction and ultra 
high performance liquid chromatography-tandem mass spectrometry. Journal of  




KAPHA (Korea Animal Health Product Association ) (2015) Availablefrom:http. kahpa.or. 
kr/Document/Menu/FRAME.asp 
Karaqeorqou EG and Samanidou VF (2010) Application of ultrasound-assisted matrix 
solid-phase dispersion extraction to the HPLC confirmatory determination of 
cephalosporin residues in milk. Journal of separation science 33: 2862-2861. 
Katerina Mastovska and Alan R.Lightfield (2008) Streamlining methodology for the 
multiresidue analysis of β-lactam antibiotics in bovine kidney using liquid 
chromatography-tandem mass spectrometry 1202: 118-123. 
Kim Hee-Yun, Shin Min-Su, Choi Hee-Ju, Park Se-Jong, Song Jae-Sang, Cheong So-
Young, Choi Sun-Hee, Lee Hwa-Jeong, Kim Young-Seon, Choi Jae-Chun (2009) 
Analysis of fluoroquinolone antibiotics in foods. Korean Journal of food science 
and technology 41:636-643. 
Korea Health Statistics 2011: The fifth Korea National Health and Nutrition Examination 
Survey (2011) Nutrition Survey (Ⅱ). Ministry of Health & Welfare Press, Korea. 
Lesley Johnson, Lindsey Mackay, Meg Croft (2002) Determination of quinolones and 
fluoroquinolones in fish tissue and seafood by high-performance liquid 
chromatography with electrospray ionisation tandem mass spectrometric 
detection. Journal of Chromatography A 982:97-109. 
Lina Kantiani, Marinella Farre, Damia Barcelo (2011) Rapid residue analysis of 
fluoroquinolones in raw bovine milk by online solid phase extraction followed by 
liquid chromatography coupled to tandem mass spectrometry. Journal of 
chromatography A 1218:9019-9027. 
Lorena Lucatello, Petra Cagnardi, Francesca Capolongo, Caterina Ferraresi, Filippo 
Bernardi, Clara Montessissa (2015) Development and validation of ana LC-
MS/MS/MS method for the quantification of fluoroquinolones in several matrices 
from treated turkey. Food Control 48:2-11. 
Luca Chiesa, Maria Nobile, Francesco Arioli, Domenico Britti, Natasa Trutic, Radmila 
Pavlovic, Sara Panseri (2015) Determination of veterinary antibiotics in bovine  
urine by liquid chromatography-tandem mass spectrometry. Food Chemistry 
185:7-15. 
MAFRA (Ministry of Agriculture, Food and Rural Affairs), 2015. Available from 
http://www.mafra.go.kr/main.jsp 
Marazuela MD and Moreno-Bondi MD (2004) Multiresidue determination of fluoro-
quinolones in milk by column liquid chromatography with fluorrescence and 
ultraviolet absorbance detection. Journal of chromatography A 1034:25-32. 
Marilena E. Dasenaki and Nikolaos S.Thomaidis (2015) Multi-residue determinationa of 
115 veterinary drugs and pharmaceutical residues in milk powder, butter, fish 
tissue and eggs using liquid chromatography-tandem mass spectrometry. 
Analytica Chimica Acta 880:103-121. 
Mark, Mc., Celine M., Paul R (2009) A confirmatory method for the simultaneous 
extraction, separation, identification and quantification of Tetracycline, 
Sulphonamide, Trimethoprim and Dapsone residues in muscle by ultra-high-
performance liquid chromatography-tandem mass spectrometry according to 




Matthias Becker, Erhard Zittlau, Michael Petz (2004) Residue analysis of 15 penicillins 
and cephalosporins in bovine muscle, kidney and milk by liquid 
chromatography-tandem mass spectrometry. Analytica Chimica Acta 520:19-32. 
Meiling Qi, Peng Wang, Ping Sun, & Xia Liu (2006) Liquid chromatographic method for 
the simultaneous determination of cefalexin and trimethoprim in dog plasma and 
application to the pharmacokinetic studies of a coformulated preparation. Journal 
of chromatography B, Biomedical Science and Applications. 832: 307-312. 
MFDS. (2014). Notification No. 2014-106 of the Ministry of Food and Drug Safety. 
Maximum residue limits of veterinary drugs, Republic of Korea.  
Ministry of Health, Labour and Welfare of Japan (2007) Introduction of the positive list 
system for agricultural chemical residues in foods. Department of Food Safety, 
Ministry of Health, Labour and Welfare, Feb. Availableform: http://www.mhlw. 
go.jp/english/topics/foodsafety/positivelist060228index. html 
Min Yuan, Susanne B Breitkopf, Xuemei Yang, John M Asara (2012) A positive/negative 
ion-switching, targeted mass spectrometry based metabolomics platform for 
bodily fluids, cells, and fresh and fixed tissue. Nature protocols 7(5):872-881. 
Mitema E.S, Kikuvi G.M, Wegnener H.C, Stohr K (2001) An assessment of antimicrobial 
consumption in food producting animals in kenya. Journal of veterinary 
pharmacology and therapy 24;385-390. 
National institute of fisheries science. (2011). Available form: http://www.nifs.go.kr/ 
fdcc/htm/medicine01.jsp 
Nhat Le-Minh, Richard M.Stuetz, Stuart J. Khan (2012) Determination of six 
sulfonamide antibiotics, two metabolites and trimethoprim in wastewater by 
isotope dilution liquid chromatography/tandem mass spectrometry. Talanta. 89: 
407-416. 
Notification No. 2010-51 of the Ministry of Food and Drug Safety (2010) Maximum 
residue limits of veterinary drugs, Republic of Korea 
Okeke, I.N., Laxminarayan, R., Bhutta, Z. A., Duse, A. G.., Jenkins, Ph., O’Brien, Th.F. 
(2005) Antimicrobial resistance in developing countries. Part Ⅰ: recent trends 
and current status. The Lancet Infectious Diseases 5:481-493. 
Pecorelli I, Galarini R, Bibi R, Floridi Al, Casciarri E, Floridi A (2003) Simultaneous 
determination of 13 quinolones from feed using accelerated solvent extraction and 
liquid chromatography. Analytica chimica acta 483:81-89. 
Perez-Burgos R, Grzelak E.M, Gokce G, Saurina J, Barbosa J, Barron D (2012) Quechers  
methodologies as an alternative to solid phase extraction (SPE) for the 
determination and characterization of residues of cephalosporins in beef muscle 
using LC-MS/MS. Journal of Chromatography B. 899: 57-65. 
QIA (Animal and Plant Quarantine Agency) (2015). 「Establishment of antimicrobial 
resistance surveillance system for livestock」Available from:http://qia.go.kr/anp/ 
rchStatus/study_germ_dis.jsp 
Quzhong Zhang and Xeumei Li (2007) Pharmacokinetics and residue elimination of 




Reza Hajian, Esmat Mousavi, Nafiseh Shams (2013) Net analyte signal standard addition 
method for simultaneous determination of sulphadiazine and trimethoprim in 
bovine milk and veterinary medicines. Food Chemistry. 138: 745-749. 
Renew Jay E and Huang Ching-Hua (2004) Simultaneous determination of fluoro 
quinolone, sulfonamide, and trimethoprim antibiotics in wastewater using tandem 
solid phase extraction and liquid chromatography-electrospray mass spectrometry. 
Journal of Chromatography A. 1042: 113-121. 
Roberta Galarini, Laura Fioroni, Federico Angelucci, Gloria R. Tovo, Elisa Cristofani 
(2009) Simultaneous determination of eleven quinolones in animal feed by liquid 
chromatography with fluorescence and ultraviolet absorbance detection. Journal 
of chromatogr. A 1216 : 8158-8164. 
Rochio Cazorla-Reyes, Roberto Romero-Gonzalez, Antonia Garrido Frenich (2014) 
Simultaneous analysis of antibiotics in biological samples by ultra high 
performance liquid chromatography-tandem mass spectrometry. Journal of 
pharmaceutical and biomedical analysis 87:203-212. 
Rodriguez E, Moreno-Bondi MC, Marazuela MD (2011) Multiresidue determination of 
fluoroquinolone antimicrobials in baby foods by liquid chromatagraphy. Food 
chemistry 127:1354-1360. 
Romero-Gonzalez R, Lopez-Martinez J.C, Gomez-Milan E, Garrido-Frenich A,  
Martinez-Vidal J.L (2007) Simultaneous determination of selected veterinary 
antibiotics in gilthead seabream (Sparus Aurata) by liquid chromatography-mass 
spectrometry. Journal of Chromatography B 857:142-148. 
Rubies A, Vaquerizo R, Centrich F, Compano R, Granados F, Prat M.D (2007) Validation 
of a method for the analysis of quinolones residues in bovine muscle by liquid 
chromatography with electrospray ionisation tandem mass spectrometry detection. 
Talanta 72:269-276. 
Saleh, G.A., Askal, H.F., Radwan, M.F., Omar, M.A (2001) Use of charge-transfer 
complexation in the spectrophotometric analysis of certain cephalosporins.  
Talanta 54: 1205-1215. 
Saleh, G.A., Askal, H.F., Darwish, I.A., El-Shorbagi A.N.A (2003) Spectroscopic 
analytical study for the charge-transfer complexation of certain cephalosporins 
with chloranilic acid. Analytical science 19: 281-287. 
Sara Bogialli (2008) A simple and rapid assay based on hot water extraction and liquid 
chromatography-tandem mass spectrometry for monitoring quiniolone residues 
in bovine milk. Food chemistry 108:354-360.  
Sara Bogialli, Giuseppe D'Ascenzo, Antonio Di Corcia, Aldo Lagana, Giovanna 
Tramontana (2009) Simple assay for monitoring seven quinolone antibacterials in 
eggs: Extraction with hot water and liquid chromatography coupled to tandem 
mass spectrometry: Laboratory validation in line with the European Union 
Commission Decision 657/2002/EC. Journal of Chromatography A 1216 (5);794-
800. 
Scortichini G, Annuziata L, Girolamo VD, Buratti R, Galarini R (2009) Validation of an 
enzyme-linked immunosorbent assay screenin for quinolones in egg, poultry 
muscle and feed samples. Analytica chimica acta 637:273-278. 
144 
 
Solangi A.R, Memon S.Q, Khuhawar M.Y, Bhanger M.I (2007) Quantitative analysis of 
eight cephalosporin antibiotics in pharmaceutical products and urine by capillary 
zone electrophoresis. Acta chromatography 19: 81-96. 
Strolker A.A.M and Brinkman U.A. Th (2005) Analytical strategies for residue analysis 
of veterinary drugs and growth-promoting agents in food-producing animals-a 
review. Journal of Chromatography A 1067:15-53. 
Takatsuki K (1991) Gas chromatographic-mass spectrometric determination of oxolinic 
acid in fish selected ion monitoring. Journal of chromatography A 538:259-267. 
US Department of Health and Human Service, Food and Drug Administration, Center for 
Drug Administration, Center for Veterinary Medicine (CVM): Guidance for 
Industry, Validation of Analytical Procedures: Methodology, Oct 1998.Available 
from: http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEn 
forcement/GuidanceforIndustry/UCM052379.pdf 
Virginia M.Johnson, John P. Allanson, Roger C. Causon (2000) Determination of the 
cephalosporin antibiotic cephradine in human plasma by high-performance liquid 
chromatography with ultraviolet detection. Journal of chromatography B 740: 71-
80. 
Won S.Y, Lee C.H, Chang H.S, Kim S.O, Lee S.H, Kim D.S (2011) Monitoring of 14 
sulfonamide antibiotic residues in marine products using HPLC-PDA and LC-
MS/MS. Food Control. 22: 1011-1107. 
Yim Suck-kyeong (2014) Careful use of cephalosporin antibiotics. The journal of 
veterinary science. 50(12)734-738.  
Yinhuan Li and Jiuru Lu (2006) Chemiluminescence flow-injection analysis of beta-
lactam antibiotics using the luminal-permanganate reaction. Luminescence 21: 
251-255. 
Yorke J.C and Froc P (2000) Quantitation of nine quinolones in chicken tissues by high-
performance liquid chromatography with fluorescence detection. Journal of 
chromatography A 882:63-77. 
Zeng Z, Dong A, Yang Z, Chen Z, Huang Z (2005) Simultaneous determination of nine 
fluoroquinolones in egg white and egg yolk with liquid chromatography with 
fluorescence detection. Journal of chromatography B 821:202-209. 
Zhu T and Row K.H (2009) Extraction and determination of cefazolin sodium and 
cefotaxime sodium in human urine with a weak ion exchange monolithic column. 
Journal of liquid chromatography & related technologies 32: 1423-1433.    
Zucatto Ettore, Castiglioni Sara, Bagnati Renzo, Melis Manuela, Fanelli Roberto (2010) 
Source, occurrence and fate of antibiotics in the Italian aquatic environment. 






축·수산물 중 퀴놀론계∙세팔로스포린계 및 트리메토프림 
항생제에 대한 동시분석법 개발 및 잔류실태조사 
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(지도교수: 이 항) 
 
식생활 문화의 변화로 가축, 가금류 및 어류의 소비가 증가함에 따라, 
축·수산업의 형태는 대규모, 밀집사육으로 변하였다. 이로 인해 가축의 치료 
및 질병예방과 생산성 촉진을 위한 동물용의약품의 사용증가로, 소비자가 
항생제내성에 노출될 위험은 점점 커지고 있다. 또한 동물용의약품의 
오남용과 항생제 내성균의 문제는 국민건강에 해로운 영향을 미칠 수도 있다.  
국내 동물용의약품에 대한 식품 중 잔류허용기준은 1990년 약 40여종을 
설정한 이래 점차 확대 고시되어, 2015년 현재 총 185종에 대한 잔류허용 
기준이 설정·관리되고 있다. 또한 국제 규제 강화와 분석기술의 발달로 인해 
국내에서도 효율성이 낮은 시험법 개선에 대한 요구와 함께 국제적 수준의 
분석법의 도입이 이뤄지고 있다.  
따라서 본 연구에서는 퀴놀론계, 세팔로스포린계 항생제와 트리메토프림에 
대한 국제적 수준의 검사법을 마련하고, 이를 토대로 축·수산물 중 잔류실태 
조사를 수행하였다. 검체수집 비율은 「확률비례추출법」에 따라 서울 및 6대 
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광역시의 인구비율을 감안하여 설정하였고, 조사대상 식품은 「2011년 
국민건강영양조사」를 근거로 다소비 축∙수산식품 중 9종을 선정 하였다.  
Ⅰ. 축∙수산물 중 퀴놀론계항생제 13종 (시프로플록사신, 다노플록사신, 
플루메퀸, 디플록사신, 엔로플록사신, 마보플록사신, 날리딕스산, 옥소린산, 
노르플록사신, 오플록사신, 오비플록사신, 페플록사신, 사라플록사신)에 대한 
다성분 동시분석법을 확립하였다. 시료의 matrix의 영향을 최소화하고 
회수율을 높이기 위해 ‘matrix-matched 정량곡선’을 도입하고, 내부표준 
물질을 사용하였다. 또한 분석시간의 단축과 시료 중 극미량 잔류하는 
퀴놀론계 항생제를 검출하기 위해 UPLC-ESI-MS/MS를 이용하였다.  
국제식품규격위원회(CODEX) 지침에 따라 시험법 검증을 수행한 결과, 0.999 
이상의 직선성을 얻었으며, 축·수산물 9종에 대한 검출한계와 정량한계는 
각각 0.1, 0.4 μg/kg 이하였고, 높은 회수율 (83.0-104.7%)을 보여, CODEX에서 
제시한 검증 범위에 적합한 것으로 나타났다.  
본 연구에서 개발한 다성분 동시분석법을 토대로 잔류실태조사를 수행 
하였다. 유통 중인 축·수산물 310건 중 104건 (축산물 39건, 수산물 65건)의 
시료에서 검출되었고, 주로 검출된 퀴놀론계 항생제는 엔로플록사신, 플루메퀸 
및 옥소린산 이었다. 검출농도는 장어 1건을 제외하고 모두 국내잔류허용기준 
이하로 나타났다. 잔류량이 검출된 사라플록사신, 옥소린산 마보플록사신, 
플루메퀸, 엔로플록사신 및 디플록사신에 대한 위해도를 산출한 결과, 일일 
섭취허용량 대비 각각 0.201, 0.027, 0.007, 0.09 및 0.004%로 안전한 수준인 
것으로 나타났다. 또한 인체노출량에 대한 식품별 기여도는 사라플록사신-
우럭(63%), 옥소린산-장어(91%), 마보플록사신-넙치 (69%), 플루메퀸-우럭(45%), 
엔로플록사신-닭(71%) 및 디플록사신-새우 (86%)로 나타났다.    
Ⅱ. 세팔로스포린계 항생제 9종(세파세트릴, 세파졸린, 세파피린, 디아세틸세
파피린, 세팔렉신, 세팔로니움, 세푸록심, 세포페라존 및 세프퀴놈)에 대하여 
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축·수산물 중 다성분 동시분석법을 확립하였다. UPLC-ESI-MS/MS를 이용하였
고, MS/MS의 감도향상을 위해 Polarity Switching Mode를 도입하였으며, 세프
퀴놈과 브루신은 ESI(-) mode를 적용하여 분석의 특이성을 높였다. CODEX 지
침에 따라 시험법검증을 수행한 결과, 우수한 직선성을 나타냈으며, 검출한계
와 정량한계는 모든 시료에서 각각 8, 25 μg/kg 이하였다. 또한 matrix의 영
향을 줄이기 위해 matrix-matched정량곡선과 내부표준물질을 이용하였다. 이
를 통해 CODEX 지침에 따른 적합한 검증결과를 얻을 수 있었다.     
본 연구에서 개발한 다성분 동시분석법을 토대로 서울, 6대 광역시 및 제주
에서 유통 중인 축·수산물 333건에 대한 잔류실태조사를 수행한 결과, 12건
의 시료에서 잔류허용기준 이하로 세팔로스포린계 항생제(세팔로니움 11건, 
세프퀴놈 1건)가 검출되었으며, 검출된 시료 모두 축산물(소고기, 우유)이었다. 
검출된 세팔로니움과 세프퀴놈에 대한 위해도를 산출한 결과, 일일섭취허용량 
대비 각각 0.02%와 0.01%로 안전한 수준으로 나타났다.  
Ⅲ. UPLC-ESI-MS/MS를 이용하여 트리메토프림에 대한 분석법을 확립하였다. 
시료의 matrix 효과를 감소시키기 위하여 초음파추출과 정제카트리지를 이용
하였고, 이를 통해 평균회수율을 70% 이상으로 향상시켰다. 시험법검증을 수
행한 결과, 0.999 이상의 직선성을 얻었고, 검출한계와 정량한계는 모든 시료
에서 각각 0.3과 1.0 μg/kg 이하로 나타나, CODEX에서 제시한 검증 범위에 
적합한 결과를 얻었다. 
이를 토대로, 서울, 6대 광역시 및 제주에서 유통 중인 축·수산물 369건에 
대한 잔류실태조사를 실시한 결과, 넙치1건, 조피볼락 5건 및 장어 1건에서 잔
류허용기준 이하의 농도가 검출되었고, 축산물에서는 검출되지 않았다. 트리메
토프림에 대한 위해도를 산출한 결과, 일일섭취허용량 대비 0.13%로 안전한 
수준으로 나타났고, 인체노출량에 대한 식품별 기여도를 살펴 본 결과 우럭이 
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58%로 가장 높게 나타났으며, 넙치 32%, 장어 10% 순을 보였다.  
이상의 결과를 종합해 볼 때 국내 유통 중인 축·수산물 중 퀴놀론계, 
세팔로스포린계 항생제 및 트리메토프림에 대한 잔류량은 국내 잔류허용 
기준치 이하로 검출되어, 일일섭취허용량 대비 안전한 수준인 것으로 
나타났다. 그러나 세계보건기구에서 3, 4 세대 세팔로스포린계 항생제와 
퀴놀론계 항생제를 최우선적으로 관리가 필요한 그룹인 ‘CIA (Critically 
Important Antimicrobials for human medicine)’으로 지정하고 있고, 1 세대 및 
2 세대 세팔로스포린계 항생제와 트리메토프림을 ‘HIA (Highly Important 
Antimicrobials)로 지정하고 있다. 또한 동물보건기구에서는 퀴놀론계, 
세팔로스포린계 항생제 및 트리메토프림 모두 가장 중요한 항생제 그룹인 
‘VCIA (Veterinary Critically Important Antimicrobials)’으로 분류하고 있다. 
따라서 식품안전 및 국민건강과 국내 동물용의약품의 효율적인 사용을 위한 
잔류실태조사와 국제 수준에 맞는 시험법 개발 및 개선 등 제도적인 관리가 
지속적으로 필요할 것으로 판단된다.  
———————————————————————————————————— 
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Three reliable analytical methods were developed based on a simple and rapid sample 
preparation followed by ultra performance liquid chromatography with electrospray 
ionization tandem mass spectrometry (UPLC-ESI-MS/MS) for the determination of 13 
quinolones, 9 cephalosporins, and trimethoprim in livestock and marine products (beef, 
pork, chicken, milk, egg, flatfish, jacopever, common eel, and shrimp). The proposed 
methods were validated according to the CODEX guidelines and applied in the survey of 
in a total of 1012 samples of livestock and marine products commercialized in Korea.  
In the first study, a simple and specific analytical method was developed for the 
simultaneous determination of 13 quinolones (ciprofloxacin, danofloxacin, difloxacin, 
enrofloxacin, flumequine, marbofloxacin, nalidixic acid, norfloxacin, ofloxacin, 
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orbifloxacin, oxolinic acid, pefloxacin, and sarafloxacin) using UPLC-ESI-MS/MS and 
all results fully complied with CODEX recommendation. Good linearities were achieved 
and the correlation coefficients were ranged between 0.9992 and 0.9999. The recoveries 
of 13 quinolones were higher than 80%, the limit of detection (LOD) and limit of 
quantitation (LOQ) were lower than 0.1 and 0.4 μg/kg, respectively. Besides, the matrix-
matched calibration curve and internal standard (IS) played a significant role in 
compensating for the matrix effects. A survey for 13 quinolones residues was conducted 
on 310 livestock and marine products. Oxolinic acid, enrofloxacin, and flumequine were 
the most commonly detected antibiotics. The residues of quinolones were detected on 104 
samples (33.5% incidence) but residue levels were below the MRLs. Detected 
concentrations were 0.1-100.0 μg/kg and the risk value (EDI/ADI, %) were safe levels 
between 0.0005% and 0.612%. However, pefloxacin was detected in one common eel 
sample above the legal residue limit and the detected concentration was 62.4 μg/kg.  
In the second study, a sensitive and reliable method was developed and validated for 
the simultaneous determination of 9 cephalosporins (cefacetrile, cefazolin, cephapirin, 
desacetyl cephapirin, cefalexin, cefalonium, cefoperazone, cefuroxime, and cefquinome) 
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and all obtained results were satisfied with CODEX recommendation. The use of UPLC-
ESI-MS/MS with polarity switching ionization mode improved the sensitivity and 
reduced analysis time, allowing the identification and quantification of 9 cephalosporins 
in 5 min. Because of the matrix effects, matrix matched calibration curves with IS were 
used for quantification to determine cephalosporin residues in samples. Good linearities 
were acquired and the LOD and LOQ were lower than 8 and 25 μg/kg, respectively. The 
survey for the 9 cephalosporins residues was conducted on 333 livestock and marine 
products. The residues were detected in only 12 livestock products (3.6% incidence) but 
residue levels were below the MRLs and the detected cephalosporins were cefalonium in 
beef and cefquinome in milk. Detected concentrations were from 1.10 to 9.77 μg/kg in 
beef and 7.50 μg/kg in milk. The risk value was very safe level of 0.02% in cephalonium 
and 0.01% in cefquinome.  
In the third study, a specific and simple analytical method was developed using UPLC-
ESI-MS/MS for the determination of trimethoprim. The sample preparation through the 
ultrasonic-assisted extraction and SPE clean-up procedure was improved the recovery and 
reduced the matrix effect. The recoveries were higher than 70% and the LOD and LOQ 
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were lower than 0.3 and 1.0 μg/kg, respectively. The survey for the trimethoprim residue 
was conducted on 369 livestock and marine products. The residues of trimethoprim were 
detected in 7 marine products (1.9% incidence) but residue levels were below the MRL. 
Detected concentrations were 1.17 to 16.43 μg/kg in jacopever, 40.0 μg/kg in flatfish, and 
13.3 μg/kg in common eel. The risk value was safe level of 0.13%.  
In conclusion, the methods developed in this study were more reliable and accurate for  
screening, quantification, and identification of 13 quinolones, 9 cephalosporins, and 
trimethoprim residues in livestock and marine products and could be successfully 
applicable in field samples. The resulting residue level of 13 quinolones, 9 cephalosporins, 
and trimethoprim appeared to be relatively safe. However, the quinolones and 3
rd
 - & 4
th
 -
generation cephalosporins were classified as critically important antimicrobials for human 
medicine (CIA) and trimethoprim and 1
st
 - & 2
nd
 -generation cephalosporins were 
classified as highly important (HIA) from World Health Organization (WHO). In addition, 
quinolones, cephalosporins, and trimethoprim were classified as veterinary critically 
important antimicrobials (VCIA) from the Office International des Epizooties (OIE). 
Thus, a strict guideline for the use of antibiotics and continuous survey on antibiotic 
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residues is needed to ensure the safety of animal origin foods. The methods developed in 
this study will help to implement such guidelines of CODEX on the use of antimicrobials. 
—————————————————————————————————— 
Keywords: UPLC-MS/MS, mass spectrometry, monitoring, antibiotic residue 
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As the food culture in Korea changes from traditional Korean style to western one, 
the consumption of foods originated from livestock, poultry, and fish increased 
dramatically for last decades, and the transition forced livestock and aquaculture industry 
turned into large and dense breeding system. Antibiotics have been administered to 
animals for prevention and treatment of infectious diseases and widely used at sub-
therapeutic levels for growth promotion of livestock and aquaculture farms. The global 
consumption of antibiotics for animals has been estimated to be between 100,000 and 
200,000 tons/year (Zucatto et al., 2010). Although the annual sales of antibiotic in Korea 
was greatly decreased from 1,450 ton in 2006 to 630 ton in 2014 (KAHPA, 2015), the 
sales of phenicols and cephalosporins increased by 1.9 and 2.3 times from 2006 to 2014, 
respectively (QIA, 2015). Antimicrobial treatments have several benefits, but when large 
quantities of specific types of antibiotics are supplied, adverse effects, such as appearance 
of drug resistant microorganisms, can be manifested (Blasco et al., 2009). In Korea, 
resistance against tetracyclines have remained high (≥75%) and resistances against 
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ciprofloxacin, chloramphenicol, ceftiofur, and trimethoprim/sulfamethoxazole have 
increased steadily since 2008 (QIA, 2015).  
Moreover, misuse and overuse of antibiotics could be caused by livestock owners. Since 
antibiotics have been used with long-term administration in low concentrations, the 
presence of antibiotic residues in animal originated foods may increase antibiotic 
resistance of pathogens and can threaten public health. To minimize the exposure of 
antibiotics to humans, many countries established maximum residue limits (MRLs) for 
antibiotics residue in food producing animals. The European Union (EU, Commission 
regulation No. 37/2010, 2010) and the Joint FAO/WHO Expert Committee on Food 
additives have set up the MRLs in animals producing milk, muscle, fat, liver, and kidney. 
The Positive List System of Japan contains MRLs in animal and marine products. In 
Korea, the MRLs have been established from 1990s by the Ministry of Food and Drug 
Safety and currently, have been set for 185 kinds of antibiotics. Due to the expansion of 
international regulations on MRLs in recent years, more sensitive and specific analytical 




In these studies, multi-residue analytical methods were developed for the 
determination of 13 quinolones, 9 cephalosporins, and trimethoprim in livestock and 
marine products using UPLC-ESI-MS/MS. The high selectivity, sensitivity, and 
versatility of UPLC-ESI-MS/MS have allowed the successful quantification of antibiotic 
residues in livestock and marine products. Moreover, these studies were applied to 
monitoring of antibiotic residues in field samples and risk assessments for multi-






Development of multi-residue analytical method for 13 
quinolones and application to the residue monitoring  








The aim of this study was to develop and validate a specific ultra performance liquid 
chromatography with electrospray ionization tandem mass spectrometric method (UPLC-
ESI-MS/MS) for simultaneous determination of 13 quinolones (ciprofloxacin, 
danofloxacin, difloxacin, enrofloxacin, flumequine, marbofloxacin, nalidixic acid, 
norfloxacin, ofloxacin, orbifloxacin, oxolinic acid, pefloxacin, and sarafloxacin) in 
livestock and marine products. The analytical method involved the sample preparation 
based on solvent extraction without further clean up procedure. All samples were 
deproteinized with acidified acetonitrile, followed by defatting with acetonitrile-saturated 
hexane. Because of matrix effects, matrix matched calibrations with internal standard 
were used for quantification during the determination of the quinolones residues in 
samples. 
The proposed method was validated according to the CODEX guidelines and all 
results fully complied with CODEX recommendation. Good linearities were achieved and 
the correlation coefficients ranged between 0.9992 and 0.9999 depending upon antibiotics. 
3 
 
Both the limit of detection and limit of quantitation for this assay were lower than 0.1 and 
0.4 μg/kg, respectively, and these values were below the maximum residue limits (MRLs) 
established by the Korean Food Code. Recoveries (%) were in the ranged of 87.5 to 
104.7% for livestock products and 83.0 to 100.9% for marine products, respectively. The 
relative standard deviations (RSD, %) of repeatability ranged from 0.33 to 3.72 and 
reproducibility ranged from 0.71 to 6.75 depending upon sample species. This 
quantitative method has many advantages including simple preparation step, rapid 
determination, and high sensitivity, which could be applied to the determination and 
quantification of quinolones residues in livestock and marine products. The monitoring 
results revealed that quinolones were detected in 104 out of 310 livestock and marine 
products (33.5% incidence) but residue levels were below the MRLs in the Korean Food 
Code and the risk value was very safe level. Of samples, 1 common eel containing 






The quinolones and fluoroquinolones are a family of synthetic broad spectrum 
antibiotics and the most frequently employed. These drugs are administered at therapeutic 
doses to treat bacterial infections in food-producing animals, such as cattle, swine, turkey, 
and chicken (Junza et al., 2011) and also used at sub-therapeutic doses as prophylactics. 
They are active against Gram-negative bacteria as well as Gram-positive bacteria by 
inhibiting DNA topoisomerase (Scortichini et al., 2009). Nalidixic acid is the first 
generation of the quinolones approved on 1963, by Food and Drug Administration for the 
treatment of urinary tract infections (Eleni et al., 2007) and structural modifications have 
resulted in the second, third, and fourth generations of the (fluoro)quinolones which have 
improved coverage of Gram-positive organisms (Roberta et al., 2009). Nowadays, they 
are widely used in the treatment of respiratory diseases and enteric bacterial infections in 
humans and food-producing animals and aqua-cultured fish (Hermo et al., 2006). Since 
2000 there has been a significant progressive increase in the use of the quinolones in 
animal production (Strolker and Brinkman, 2005; Di Corcia and Nazzari, 2002). It has 
produced more chance of their residue in the animal origin foods and led to the 
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emergence of fluoroquinolone-resistant bacterial strains in animals (Rodriguez et al., 
2011). It could cause many health problems in humans, such as the transmission of 
fluoroquinolone-resistant bacteria (e.g. fluoroquinolone-resistant Campylobacter and 
Salmonella) to humans since the early 1990s (Fabrega et al., 2011; Okeke et al., 2005). 
To minimize the exposure of antibiotics to humans, many countries have been 
establishing MRLs for quinolones residue in foodstuffs (Table 1). The European Union 
(EU) has established the MRLs of veterinary drugs in animal origin foods, and some of 
them are quinolones (Council Regulation No. 2377/90). In addition, the EU and the Joint 
FAO/WHO Expert Committee on Food additives have set up the MRLs in several animal 
tissues, milk, and eggs (Rubies et al., 2007). The Italian National Residue Control Plan is 
very precise: samples taken at slaughterhouse are screened for the presence of 
residues/metabolites on the basis of MRLs (Luca et al., 2015). According to the Australia 
and New Zealand Food Standards Code, residues of quinolones cannot be detected in any 
foodstuff for domestic consumption and the only exception is set for oxolinic acid in 
pacific salmon at 0.01 mg/kg (Lesley et al., 2002). In Korea, the 13 quinolones are 
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permitted for prevention and treatment of animal disease. The MRLs and the withdrawal 
period were established by the Ministry of Food and Drug Safety (MFDS) (Table 2).   
As the MRLs of veterinary drugs are very low level, they have been demanded to 
improve the specific and sensitive analytical methods for the multi-residue analysis. 
Many published papers have been reported for analysis of the (fluoro)quinolones residues 
in livestock and marine products. Liquid chromatography (LC) is the most frequently 
used for separation (Belal et al., 1999; Hernandez-Arteseros et al., 2002), mainly coupled 
with ultraviolet (UV) (Eleni et al., 2007: Bailac et al., 2004; Pecorelli et al., 2003), or 
fluorescence detector (Herranz et al., 2007; Zeng et al., 2005). However, some methods 
either covered only several compounds of (fluoro)quinolone or were time-consuming for 
sample preparation. Immunoassay (Ashwin et al., 2009; Anne-Catherine et al., 2006) 
have been sometimes used for analysis of (fluoro) quinolones and provided a rapid 
screening test. But it is difficult to apply a multi-residual detection. Thin-layer 
chromatography (TLC) (Juhel-Gaugain and Abjean, 1998), gas chromatography (GC) 
(Asami et al., 2000), and capillary electrophoresis (CE) (Ana et al., 2006) have been 
rarely applied.    
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Recently, several reports are focused on accurate and sensitive confirmatory 
quantification methods, such as liquid chromatography combined to tandem mass 
spectrometry (LC-MS/MS). These procedures included only one sample of interest, for 
instance, milk (Junza et al., 2014; Lina et al., 2011; Hong et al., 2009; Sara Bogialli, 
2008), gilthead sea bream (Romero-Gonzalez et al., 2007), egg (Anna et al., 2012; 
Antonia et al., 2010; Sara et al., 2009), shrimp (Christine et al., 2007), bovine muscle 
(Rubies et al., 2007), turkey (Lorena et al., 2015), and swine plasma (Garces et al., 2006). 
Besides, compared to LC, UPLC increased resolution and sensitivity, as well as 
considerably decreased sample analysis time and mobile phase solvent consumption 
(Junza et al., 2011; Stolker et al., 2005). 
Therefore, the purpose of this study was to develop a rapid and reliable analytical 
method for the simultaneous determination of 13 quinolones in 9 species of livestock and 
marine products (beef, pork, chicken, egg, milk, flatfish, jacopever, common eel, and 
shrimp) using UPLC-ESI-MS/MS. Furthermore, this paper was investigated the residues 




MATERIALS & METHODS 
 
Chemical and materials 
Ciprofloxacin (CIP), danofloxacin (DAN), difloxacin hydrochloride (DIF), 
enrofloxacin (ENR), flumequine (FLU), marbofloxacin (MAR), nalidixic acid (NAL), 
norfloxacin (NOR), ofloxacin (OFL), orbifloxacin (ORB), oxolinic acid (OA), pefloxacin 
mesylate dehydrate (PEF), and sarafloxacin (SAR) were supplied by Sigma-Aldrich (St 
Louis, MO, USA). Piromidic acid (PIR) from Sigma-Aldrich was used as an internal 
standard (IS). The molecular structures were described in Fig. 1. 
HPLC grade acetonitrile and methanol were obtained from Burdick & Jackson (Ulsan, 
Korea). Hexane and formic acid (98%) were purchased from Merck (Darmstat, Germany). 
Acetic acid (99.9%, HPLC grade) was supplied by J.T Baker (NJ, USA) and 
trichloroacetic acid (99.0%) by Sigma-Aldrich (St Louis, MO, USA). Ultrapure water 
was purified with a MILLI-Q system (Milipore, Bedford, MA, USA). All solutions 





Preparation of standard solutions 
Each individual standard, such as CIP, DAN, DIF, ENR, FLU, MAR, NAL, NOR, OFL, 
ORB, OA, PEF, and SAR, was made by dissolving in methanol. Stock standard solutions 
(50 μg/mL) were obtained and stored at 4℃ in the dark for no longer than 2 months. 
Working standard solutions (1 μg/mL) were prepared daily by mixing individual stock 
solutions and diluted in 0.1% formic acid in 10% acetonitrile (v/v). Piromidic acid (IS) 
was prepared by dissolving solution at the concentration of 100 ng/mL.  
 
Instrumentation  
An AT 261 analytical balance (Mettler Toledo, Greifensee, Switzerland) was used in the 
preparation of standard solutions. A REAX TOP vortex mixer (Heidolph, Schwabach, 
Germany), POWER SONIC 520 sonicator (Hwashin Tech., Seoul, Korea), and Allegra X-
22R centrifuge (Beckman Coulter, Alle, USA) were used in sample extraction.  
UPLC equipment was an Acquity ultra performance LC (Waters, MA, USA) and ESI-
MS/MS measurements were performed using a Quattro premier XE (Waters). Data was 





Sampling was set in accordance with the 「Sampling with probability proportionate to 
size」and species and number of samples were determined on the basis of the 
consumption of food according to the 「National Health and Nutrition Examination 
Survey, 2011」. Each sample was purchased at least two and sampling points within the 
sampling area were not biased.  
As a result, livestock and marine products (n=310) including beef (n=59), pork (n=49), 
milk (n=29), egg (n=27), chicken (n=34), flatfish (n=26), jacopever (n=29), common eel 
(n=27), and shrimp (n=30) were purchased from different markets in Seoul, Busan, 
Incheon, Daegu, Daejeon, Gwangju, and Ulsan. Details were given in Fig. 2. All solid 
samples were finely ground with blender and stored in a freezer at -20℃ until use. 
 
Preparation of spiked samples and standard  
One sample of each matrix was repeatedly measured to confirm that no 13 quinolones 
were present and was used for the preparation of matrix-matched calibration standards 
and fortified samples for the validation of the proposed method.  
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Blank samples of beef, pork, chicken, egg, milk, flatfish, jacopever, common eel, and 
shrimp were homogenized and stored at -20℃ until use. Fortified samples were prepared 
by spiking 100 μL of diluted working solutions at the concentration of 0.2, 0.4, and 10 
μg/kg for DIF, ENR, FLU, NAL, OFL, and SAR, and 0.4, 0.8, and 10 μg/kg for CIP, 
DAN, MAR, NOR, ORB, OA, and PEF by using 0.1% formic acid in 10% acetonitrile 
(v/v).  
 
Matrix-matched calibration curves 
Quantification was carried out using matrix-matched calibration curves with IS. The 
blank samples (beef, pork, chicken, milk, egg, flatfish, jacopever, common eel, and 
shrimp) were used as matrix and fortified with working standard solutions.  
The seven point matrix-matched calibration curves were prepared with the blank 
samples spiked with 0, 0.2, 0.4, 1.0, 2.0, 4.0, and 10.0 μg/kg for DIF, ENR, FLU, NAL, 
OFL, and SAR, and 0, 0.4, 0.8, 2.0, 4.0, 8.0, 10.0, and 20.0 μg/kg for CIP, DAN, MAR, 
NOR, ORB, OA, and PEF. Piromidic acid (IS) was spiked in all of these samples at the 
concentration of 4 μg/kg. Each sample was submitted to the full extraction procedures. 
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The calibration curves for 13 quinolones were constructed by plotting the response 
factor (the ratio of peak area of analyte vs. peak area of internal standard) as a function of 
the analyte concentration. Separate calibration curves were used for each sample.  
 
Extraction procedure 
Homogenized sample (1 g) of beef, pork, egg, chicken, flatfish, jacopever, common eel, 
and shrimp and 1 mL of milk were accurately weighed and taken into a 50 mL disposable 
polypropylene centrifuge tube. Selected quinolones standard solutions (only for the 
matrix-matched calibration curves) and IS were directly spiked. The spiked samples were 
stood in the dark at room temperature, for at least 10 min, to allow the interaction 
between the quinolones and the matrix. The samples were added with 2.5% 
trichloroacetic acid (1 mL) and shaken on a vortex mixer (Heidolph Reax top, Heidolph, 
Schwabach, Germany) for 1 min. After addition of 1% acetic acid in acetonitrile (15 mL), 
the samples were mixed again for 1 min and centrifuged (Allegra X-22R, Beckman 
Coulter, Brea, CA, USA) at 1000×g for 15 min to induce the precipitation of proteins. 
The supernatant was carefully filtered through a syringe filter (Whatman
®
, PVDF memb- 
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rane, pore size 0.45 μm) and poured into a separating funnel. Acetonitrile-saturated 
hexane (15 mL) was added and intensionally agitated for 5 min. The lower layer was 
transferred into a 20 mL glass tube and evaporated to dry at 45℃ under a stream of 
nitrogen (EYELA GM-2200, Tokyo, Japan). The dried residue was dissolved in 1 mL of 
0.1% formic acid in acetonitrile and filtered through a syringe filter (Whatman
®
, PVDF 
membrane, pore size 0.2 μm) prior to UPLC injection. A schematic diagram of the sample 
preparation was presented in Fig. 3. All samples were analyzed in triplicate and results 




The quinolones were separated on an Acquity UPLC BEH C18 column (2.1 mm × 100 
mm; 1.7 μm particle size, Waters). Mobile phase A was purified water containing 0.1% 
formic acid (v/v), and mobile phase B was acetonitrile. The gradient conditions were 
initiated with 90% mobile phase A followed by a linear decrease to 30% in 5 min, 0% in 
0.5 min, and maintained for 1 min at 0%. At 6.6 min, the gradient was programmed to re- 
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equilibrate the column for 1.5 min under initial conditions. The run time for each 
injection was 8 min. The flow rate was 0.3 mL/min and the injection volume was 20 μL 
in full-loop mode. Details were given in Table 3. 
MS determination was performed with MRM experiments in ESI positive ion mode 
combined with monitoring of the most abundant MS/MS (precursor→product) ion 
transitions using a dwell time of 0.03s. Detailed parameters for MRM acquisition were 
presented in Table 4. The MS parameters were as follow: capillary voltage, 3.0 kV; source 
temperature, 150℃; desolvation temperature, 350℃; cone gas (N2) flow, 50 L/h; and 
desolvation gas (N2) flow, 800 L/h. 
 
Method validation 
The method was validated according to the CODEX guideline (FAO, 2009). The 
validation parameters to evaluate the method were linearity, LOD, LOQ, precision 
(repeatability and reproducibility), and accuracy (Table 5). 
 
Linearity 
Linearity was evaluated using the squared correlation coefficients (r
2
) of 7-points  
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matrix-matched standards curves, which were based on extracts of blank samples (beef, 
pork, milk, egg, chicken, flatfish, jacopever, common eel, and shrimp). The calibration 
ranges were from 0 to 10 μg/kg for DIF, ENR, FLU, NAL, OFL, and SAR, and from 0 to 
20.0 μg/kg for CIP, DAN, MAR, NOR, ORB, OA, and PEF, respectively.  
 
Limit of detection and quantitation 
The LOD is the lowest concentration of analyte that an analytical process can reliably 
differentiate from background levels, while the LOQ is the lowest concentration of 
analyte that can be quantified. LOD and LOQ values were calculated based on signal-to-
noise ratio (S/N) values of 3.3 and 10, respectively.  
 
Precision  
The precision was expressed as a percentage of RSD (%), which was performed in a 
single laboratory. Intra-day and inter-day precision (repeatability and reproducibility) 
were performed at 3 different concentrations (1.0, 4.0, and 10.0 μg/kg). The intra-day 
analysis was achieved through six replicates, and the inter-day analysis was obtained 




The accuracy was expressed as a percentage of recovery, which was performed in a 
single laboratory. Accuracy was evaluated through 3 different fortification levels; LOQ 
(0.2 or 0.4 μg/kg), 2×LOQ (0.4 or 0.8 μg/kg), and 10 μg/kg. Six replicates per each 
sample were performed and the results were expressed as a mean value of the total 




RESULTS & DISCUSSION 
 
Method validation 
One sample of each matrix was repeatedly measured to confirm that no 13 quinolones 
were present and was used for the preparation of matrix-matched calibration standards 
and fortified samples for the validation of the method. The proposed method was 
validated with UPLC-ESI-MS/MS according to the CODEX guideline (FAO, 2009) for 
quantitative methods. All obtained results were satisfied with CODEX recommendation 
and indicated the stability of the proposed method.  
As shown in Table 6, linearities, LOD, and LOQ for each species of matrices were 
summarized. The linearity was checked with the matrix-matched calibration curves using 
7 calibration points. The linearities were calibrated from 0 to 10 ng/mL for DIF, ENR, 
FLU, NAL, OFL, and SAR and 0 to 20 ng/mL for CIP, DAN, MAR, NOR, ORB, OA, 
and PEF, respectively. Good linearities were obtained and the correlation coefficients 
ranged between 0.9992 and 0.9999 depending upon antibiotics. Furthermore, piromidic 
acid as IS, which significantly increased the linearity of the matrix-matched calibration 
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curves of 13 quinolones. Based on these results, a good linearity was proven and allowed 
coverage of 13 quinolones within the working range.  
The LOD ranged from 0.06 to 0.1 μg/kg and LOQ ranged from 0.2 to 0.4 μg/kg 
depending upon species of samples. The results of LOD and LOQ showed that the 
method were enough to determine the MRLs values in animal origin samples.  
The repeatability and reproducibility (the intra-day and inter-day precision) were 
evaluated in beef and flatfish. The repeatability was evaluated by spiking 2 blank samples 
(n=6 per each matrix) at the validation level (1, 4, and 10 μg/kg) and the reproducibility 
was carried out on 3 consecutive days. Repeatability and reproducibility results are 
presented in Table 7. The RSD (%) of repeatability ranged from 0.33 (Danofloxacin) to 
3.72 (Orbifloxacin) in beef and from 0.43 (Marbofloxacin) to 3.33 (Danofloxacin) in 
flatfish, respectively. The RSD (%) of reproducibility ranged from 0.68 (Marbofloxacin) 
to 4.86 (Oxolinic acid) in beef and from 0.71 (Oxolinic acid) to 6.75 (Flumequine) in 
flatfish, respectively. These results indicate the good precision and reliability of the 
developed method. In addition, the repeatability values expressed as RSD (%) were lower 
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than 30%, which is within the acceptance criteria of the CODEX and satisfied the 
validating analytical methods (Table 5). 
To evaluate method accuracy, recoveries were calculated at 3 different spiking levels. 
Besides, matrix-matched calibration curves were used with IS. Average recoveries of each 
analyte were obtained performing the analysis in 6 replicates for each matrix. Accuracy 
data were recorded in Table 8 and 9.  
Satisfactory results were acquired, with the percentage of recoveries (%) was between 
87.5 ± 5.0 and 104.7 ± 3.7 in livestock products and between 83.0 ± 2.8 and 100.9 ± 1.1 
in marine products, respectively. The results were within the acceptance criteria (60-
120%) of the CODEX validating analytical method (Table 5). The RSD (%) ranged from 
0.4 to 6.0 and from 0.9 to 5.7, respectively. The maximum recoveries were obtained 
under acidic conditions and in the presence of a high percentage of acetonitrile 
(Rodriguez et al., 2011; Marazuela and Moreno-Bondi, 2004). In this work, acetonitrile 
and trichloroacetic acid played an important role in precipitating proteins, which leading 
to obtained higher recovery.  
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In this study, excellent validation parameters were acquired, which indicated that the 
method was suitable for the analysis of quinolones. Furthermore, the use of matrix-
matched calibration curves with IS were able to minimize the difference in the signal 
output of analyte between sample extract solvent and a pure solvent.  
 
Optimization of sample preparation  
The simple and specific analytical method was developed. Sample preparation was 
focused on the establishment of the most suitable conditions used for the simultaneous 
determination of 13 quinolones from livestock and marine products.  
Several extraction solvent mixtures were evaluated. Beef and flatfish blank samples 
fortified with 4 μg/kg of 13 quinolones were extracted with solution of acetonitrile with 
or without 1% acetic acid, and additionally added the solution of trichloroacetic acid in 
different ratio from 1% to 5% (v/v). As shown in Table 10, the combination of 1% acetic 
acid in acetonitrile (v/v) and 2.5% trichloroacetic acid was shown to be the most effective 
recoveries and the lowest RSD (%) of the 13 quinolones.  
The precipitation of proteins is achieved in many cases by adding a strong acid, such as  
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trichloroacetic acid in combination with organic solvents (Andreia et al., 2013). 
Furthermore, acetonitrile and methanol are more efficient as extraction solvents as they 
can simultaneously precipitate the proteins, denature enzymes, and extract the target 
analyte. Many authors prefer acetonitrile over methanol as extraction solvent. Besides, 
methanol extracts too many matrix compounds, complicating the following clean-up 
steps (Marilena and Nikolaos, 2015). In this work, acetic acid and trichloroacetic acid 
was added to samples and acetonitrile was used as the extracting solvent, which promoted 
the precipitation of proteins. Thus, it could be assumed that the matrix components 
responsible for possible interference (such as, signal suppression or enhancement) were 
removed. The obtained results demonstrated acceptable recoveries of all of the 
quinolones, ranging from 91.93% to 102.20% in beef and from 94.06% to 110.80% in 
flatfish. 
In order to accomplish the deproteinization and defatting of samples, the extraction 
with acetonitrile-saturated hexane was performed after centrifugation at 1000×g. 
Moreover, instead of clean-up step, e.g. using SPE cartridge, the solvent extraction 
including the steps of syringe filtration, centrifugation, and agitation step was applied to 
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the samples, thereby simplifying sample handling and reducing the time of sample 
preparation. Antonia et al (2010) reported that solvent extraction provided the good 
recovery for quinolones among the result of comparing extraction procedures, for 
instance solvent extraction, QuEChERS procedure, MSPD, and SPE.  
Furthermore, the residue concentration of veterinary drugs could be different in the egg 
white (albumen) and egg yolk (ovum) (Cornelis and Michael, 2000; Antonia et al., 2010). 
For accurate results, all samples were sufficiently homogenized (at least 3 min). Besides, 
because target analytes have different polarities, and consequently a different distribution 
between albumin and yolk, the method was performed on the whole egg.  
 
UPLC-ESI-MS/MS optimization 
Chromatographic conditions of UPLC were evaluated in order to obtain the good 
separation and retention for the analytes. Several experiments were conducted testing 
mobile phases consisting of distilled water with different concentrations of formic acid 
(0.01, 0.05, and 0.1%, v/v) and acetonitrile (80, 90, 100%, v/v).  
As a result, the addition of 0.1% formic acid in distilled water and 100% acetonitrile (v/v) 
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allowed the best resolution, as well as it enhanced the ionization efficiency. Formic acid 
and acetonitrile were important roles for the formation of well distributed peak and sharp 
peak shape (Lina et al., 2011; Junza et al., 2014). 
Other parameter such as flow rate, injection volume, and gradient profile were studied in 
order to obtain a fast and reliable separation. The best results were acquired when 0.30 
mL was used as flow rate and 20 μL were injected. Several gradient profiles were tested, 
and good response was obtained with the gradient described in Table 3. Besides, in the 
first 2 min of the run time, major interferences are presented due to polar matrix 
constituents that are eluted and co-elution with the analytes would lead to large signal 
suppression (Marilena et al., 2015). Thus, it was necessary that the 13 quinolones began 
to elute after the 2 min of the run time.  
In this work, 8 min of run time was achieved with the optimum conditions for the 
separation of 13 quinolones. The optimal chromatographic separation of 13 quinolones 
was performed with a 2.1 mm × 100 mm column. The UPLC columns consisting of a 
smaller particle size are the possibility of having high efficiency in peak separation, sharp 
peaks, and also a reduction in run time when compared with common HPLC columns 
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(Andreia et al., 2013). The acquired UPLC chromatograms showed a good resolution for 
all the quinolones (Fig. 4) and indicated the excellent specificity of the developed method. 
In addition, the use of an acidic mobile phase (acetonitrile) adjusted with 0.1% formic 
acid promoted positive ionization and maximized sensitivity and resolution, which 
improved the detection of 13 quinolones.  
In MS/MS system, the protonated molecular ion [M+H]
+
 was selected as precursor ion 
for 13 quinolones, and the product ions were obtained according to the collision energy 
(eV). The MRM mode was used to increase the sensitivity and selectivity of the 
determination. To achieve maximum sensitivity for 13 quinolones, MS/MS conditions 
(for example, capillary voltage, source temperature, and desolvation temperature) were 
optimized by direct infusion into the detector of working standard solutions. The results 
of UPLC-ESI-MS/MS ion reconstituted chromatograms for 13 quinolones spiked to 
bovine muscle were presented in Fig. 4. As showed in Table 4, MRM interferences 
between FLU and OXO were observed because the precursor ion and one of two product 
ions were common to FLU and OXO. Therefore, the [M + H]
+
 → [M + H-H2O]
+
 was 







(m/z 262 →202) was used for FLU and [M + H]
+
 → [M + H-OCH2O]
+ 
(m/z 262 →216) was used for OXO, respectively (Hermo et al (2006); Rubies et al 
(2007); Christine et al (2007)). The results of ions transition, obtained from the bovine 
muscle fortified with 10 μg/kg of FLU and 20 μg/kg of OXO, were described in Fig. 5. 
Additionally, for separating FLU and OXO, the gradient condition was increased the 
percentage of mobile B from 10 to 70%. Therefore, there was no interference to be 
observed with the monitored MS reactions.  
To obtain an adequate number of data acquisition points related to peak shape and 
reproducible chromatographic signals, different dwell times (between 0.01 and 0.1 s) 
were evaluated. Good peak shape and reproducible data without a decrease of the 
sensitivity were acquired using a dwell time 0.03 s in 10 quinolones, whereas FLU, NAL, 
OA, and PIR (IS) were obtained using a dwell time of 0.1 s.  
 
Application of the proposed method to animal products 
Quinolones were analyzed in 310 livestock and marine products including 59 beef, 49 
pork, 34 chicken, 29 milk, 29 egg, 26 flatfish, 29 jacopever, 27 common eel, and 30 
shrimp (Table 11). The results are shown in Table 12. The residues of quinolones were 
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detected in 39 out of 198 livestock product samples (19.7% incidence) and 65 out of 112 
marine product samples (58.0% incidence); 7 out of 59 beef samples (11.9% incidence), 7 
out of 49 pork samples (14.3%), 22 out of 34 chicken samples (64.7%), 2 out of 29 milk 
samples (6.9%), 1 out of 27 egg samples (3.7%), 12 out of 26 flatfish samples (46.2%), 
16 out of 27 common eel samples (59.3%), 27 out of 29 jacopever samples (93.1%), and 
10 out of 30 shrimp samples (33.3%) (Fig. 2). The incidence of 13 quinolones residues 
followed the order; jacopever ＞ chicken ＞ common eel ＞ flatfish ＞ shrimp ＞ 
pork ＞ beef ＞ milk ＞ egg.  
Oxolinic acid, enrofloxacin, and flumequine were the most common antibiotics found 
in the detected samples. The kinds of the detected quinolones in livestock and marine 
products are summarized in Table 13. As seen in Table 13, the detected milk samples 
contained only one antibiotic, while residues of more than one antibiotic were found in 
the detected beef, pork, chicken, egg, flatfish, jacopever, common eel, and shrimp. It 
indicated that quinolones were employed as multiple uses in livestock and marine 
products.   
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Detected concentrations were 0.2 to 20.0 μg/kg in beef, 0.6 to 4.1 μg/kg in pork, 0.1 to 
47.0 μg/kg in chicken, 0.7 to 0.9 μg/kg in milk, 0.3 to 0.5 μg/kg in egg, 0.3 to 21.1 μg/kg 
in flatfish, 0.1 to 100.0 μg/kg in common eel, 0.3 to 22.8 μg/kg in jacopever, and 0.2 to 
5.1 μg/kg in shrimp, respectively. The risk value based on the quinolones exposure by 
food intake was calculated using the EDI (estimated daily intake) and ADI (acceptable 
daily intake). Compared with ADI, the risk value was very safe level of 0.205% in 
sarafloxacin, 0.007% in marbofloxacin, 0.612% in oxolinic acid, 0.027% in flumequine, 
0.090% in enrofloxacin, and 0.004% in difloxacin, respectively. Details were given in 
Table 14 and the food contribution for EDI was described in Fig. 6. 
The detected concentration of pefloxacin in common eel was 62.4 μg/kg. The level of 
residue concentration was above the MRL (not detected in livestock product, fish, and 
shellfish) for pefloxacin in Korean Food Code. Fig. 7 showed the UPLC-ESI-MS/MS 
chromatograms of pefloxacin in detected sample. We assumed that non-observance of the 
required withdrawal period caused the illegal residue of pefloxacin, or the antibiotics 
were used during the transporting after shipment. Besides, the regular and massive use of 
veterinary medicines was seen as a risk factor for direct contamination of products 
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(Mitema et al., 2001; Won et al., 2011). Thus, treatments were carried out in accordance 
with proper usage of veterinary drugs and withdrawal periods were observed. 
In Korea, the annual per capita consumption of livestock and marine products is 
growing and reached 53.5 kg in marine products, 11.5 kg in chicken, 20.9 kg in pork, 
10.3 kg in beef, and 71.6 kg in milk (MAFRA, 2015). Besides, in Korea, many people 
commonly consume sashimi of jacopever and flatfish and enjoy roasted eel. Intensive 
farming, which can lead to a high potential for spread of infectious disease, has been 
maintained to satisfy an increasing demand for marine products. Therefore, the survey of 
quinolone residues in livestock and marine products is significant in Korea. In particular, 
quinolones classified as VCIA (veterinary critically important antimicrobials) from the 
OIE (Office International des Epizooties), and as CIA (critically important antimicrobials 
for human medicine) from WHO (World Health Organization). Considering the 
possibility of antibiotic cross-resistance between human and animal, it requires a proper 





A sensitive and specific method was developed and validated for the simultaneous 
determination of 13 quinolones in livestock and marine products using UPLC-ESI-
MS/MS. The recoveries (%) of 13 quinolones were higher than 80%, the LOD and LOQ 
values were lower than the established MRLs in Korea, and other validation parameters 
were also in accordance with CODEX guideline. The proposed method using UPLC-ESI-
MS/MS involved significant advantages with respect to simple preparation step, high 
sensitivity, speed, and resolution, making it an attractive choice for the analysis of 
quinolones in livestock and marine products. However, the fast gradient used in UPLC 
promoted matrix effects by reducing chromatographic separation between analytes and 
endogenous compound. As a result, the matrix-matched calibration and IS were used, 
which play very important roles in compensating for the matrix effects.  
 The livestock and marine products (n=310) commercialized in Korea were analyzed 
and quantified by proposed method. The residues of quinolones were detected in 104 
samples (33.5% incidence) but residue levels were below the MRLs in Korea Food Code. 
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The risk value was safe level of 0.205% in sarafloxacin, 0.007% in marbofloxacin, 
0.612% in oxolinic acid, 0.027% in flumequine, 0.090% in enrofloxacin, and 0.004% in 
difloxacin, respectively. However, pefloxacin was detected in one common eel above the 
legal residue limit and the detected concentration was 62.4 μg/kg. 
Although this survey results appear to be relatively safe levels, antibiotic residues are 
exposed to consumers. Therefore, we proposed that the monitoring of quinolones in 
livestock and marine products was continued.  
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Table 1. Global organization for registration and establishment of MRLs for veterinary 
drugs 
Country Registration Establishment of MRLs 
Korea 
Animal and Plant Quarantine Agency 
(QIA) 
Ministry of Food and Drug Safety (MFDS) 
Japan 
The Ministry of Agriculture, Forestry and 
Fisheries (MAFF) 
Ministry of Health, Labor and Welfare 
(MHLW) 
USA Center for Veterinary Medicine (CVM) United States Food and drug Administration (FDA) 
EU 
Committee for Medicinal Products for 
Veterinary use (CVMP) 
European Medicines Agency (EMEA) 
Australia 
Australian Pesticides and Veterinary 
Medicines Authority (APVMA) 
Food Standards Australia New Zealand 
(FSANZ) 
New Zealand 
New Zealand Food Safety Authority 
(NZFSA) 




Table 2. Maximum residues limits of 13 quinolones in Korea  
Compound Food mg/kg 
Enrofloxacin+Ciprofloxacin Cattle, Pig, Sheep, Goat, Poultry 0.1~0.3 
Egg Not detected 
Fish, Crustacean 0.1 
Milk 0.05 
Danofloxacin Cattle, Poultry 0.1~0.4 
Pig 0.05~0.2 
Milk 0.03 
Difloxacin Cattle, Pig, Sheep, Goat 0.4~1.4 
Poultry 0.3~1.9 
Fish, Crustacean 0.3 
Flumequine Cattle, Pig, Sheep 0.2~1.5 
Poultry 0.4~1.0 
Fish, Crustacean 0.5 
Marbofloxacin Cattle, Pig 0.05~0.15 
Milk 0.075 
Nalidixic acid Cattle, Fish 0.03 
Orbifloxacin Cattle, Pig, Milk 0.02 
Oxolinic acid Cattle, Pig 0.05 
Chicken 0.15~0.1 
Fish, Crustacean 0.1 
Ofloxacin, Pefloxacin, Norfloxacin Livestock products, Fish, Crustacean Not detected 
Sarafloxacin Poultry 0.01~0.08 
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Table 3. Analytical conditions of UPLC-ESI-MS/MS for analysis of 13 quinolones 
 Items Conditions 
LC 
Instrument Acquity ultra performance LC 
Column Acuity UPLC BEH C18 (2.1×10 mm, 1.7 um) 
Mobile phase 
A: 0.1% formic acid in DW 
B: Acetonitrile 
Gradient 
Time (min) A (%) B (%) 
Initial 90 10 
5.0 30 70 
5.5 0 100 
6.5 0 100 
6.6 90 10 
8.0 90 10 
 
MS 
Flow rate 0.3 mL/min 
Injection volume 20 μL 
Instrument Quattro Premier XE 
Ionization mode ES+ 
Capillary voltage 3.0 kV 
Source temperature 150℃ 
Desolvation temperature 350℃ 
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Table 4. MRM conditions of the MS/MS for the detection of 13 quinolones 
Compound 
MRM transition (m/z) 














































































Table 5. Accuracy and precision ranges as requirements in CODEX guidelines 
Concentration 
(μg/kg) 
Coefficient of variability (CV) 
(Repeatability, %) 
Acceptable recovery (%) 
≤ 1 35 50 - 120 
1 to 10 30 60 - 120 
10 to 100 20 70 - 120 
100 to 1000 15 70 - 110 
≥1000 10 70 - 110 
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Table 6. Validation parameters for detection of 13 quinolones using UPLC-MS/MS 









Ciprofloxacin y = 0.137x + 0.004 0.9998 0.1 0.4 
Danofloxacin y = 0.031x + 0.001 0.9998 0.1 0.4 
Difloxacin y = 0.105x + 0.007 0.9996 0.07 0.2 
Enrofloxacin y = 0.106x + 0.002 0.9999 0.06 0.2 
Flumequine y = 0.322x + 0.077 0.9992 0.06 0.2 
Marbofloxacin y = 0.122x + 0.035 0.9998 0.1 0.4 
Nalidixic acid y = 0.284x + 0.003 0.9999 0.06 0.2 
Norfloxacin y = 0.042x + 0.009 0.9999 0.1 0.4 
Ofloxacin y = 0.081x + 0.004 0.9993 0.07 0.2 
Orbifloxacin y = 0.218x + 0.050 0.9995 0.1 0.4 
Oxolinic acid y = 0.061x + 0.009 0.9998 0.1 0.4 
Pefloxacin y = 0.080x + 0.123 0.9992 0.1 0.4 




Table 7. Intra- and inter-day precision of 13 quinolones at 3 different concentration levels. 
Compound 
Spiked        
conc. 
(μg/kg) 
Intra-day precision (n = 6) 
 RSD(%)1) 
Inter-day precision (n = 3) 
 RSD (%)1) 
beef flatfish beef flatfish 
Ciprofloxacin 
1.0 1.06 0.96 3.35 3.75 
4.0 3.36 0.57 2.90 2.91 
10.0 1.19 2.20 3.68 1.74 
Danofloxacin 
1.0 1.63 1.08 2.07 2.02 
4.0 1.08 3.33 3.18 2.22 
10.0 0.62 1.41 1.45 2.14 
Difloxacin 
1.0 0.33 0.69 2.12 2.76 
4.0 0.84 0.90 5.25 2.20 
10.0 1.30 1.63 1.12 3.95 
Enrofloxacin 
1.0 0.52 0.57 1.44 1.51 
4.0 2.00 0.75 2.41 0.95 
10.0 1.69 1.16 1.75 1.29 
Flumequine 
1.0 1.41 0.49 1.77 2.94 
4.0 0.45 2.23 3.85 2.00 
10.0 1.07 1.59 1.91 2.53 
Marbofloxacin 
1.0 1.68 2.47 3.97 6.75 
4.0 1.89 1.33 2.20 3.13 
10.0 3.48 0.90 0.68 1.14 
Nalidixic acid 
1.0 0.79 0.43 2.62 1.01 
4.0 1.64 3.30 4.71 0.80 
10.0 2.35 0.62 1.78 1.94 
Norfloxacin 
1.0 0.85 0.93 1.38 0.98 
4.0 1.60 0.91 4.13 4.12 
10.0 1.69 1.97 2.28 2.18 
Ofloxacin 
1.0 1.00 1.44 0.92 1.92 
4.0 3.49 1.22 3.75 1.67 
10.0 1.26 1.16 1.55 1.67 
Orbifloxacin 
1.0 1.46 0.65 2.80 3.05 
4.0 1.87 2.13 1.84 1.99 
10.0 3.72 1.54 0.96 1.02 
Oxolinic acid 
1.0 1.78 2.12 2.22 1.10 
4.0 0.49 0.76 4.86 4.54 
10.0 1.12 0.93 2.01 0.98 
Pefloxacin 
1.0 0.65 0.47 4.60 0.71 
4.0 1.46 0.69 4.27 3.31 
10.0 1.98 1.16 1.00 1.28 
Sarafloxacin 
1.0 0.52 0.58 2.15 1.06 
4.0 1.18 1.20 3.54 3.80 
10.0 2.48 0.95 3.02 1.43 
1) 
 Relatively standard deviation
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0.4 94.0±3.7 3.9 93.8±3.2 3.5 97.0±2.4 2.5 96.9±2.6 2.7 100.4±2.2 2.2 
0.8 94.2±3.7 3.8 96.7±3.8 3.9 97.2±4.1 4.2 96.9±2.5 2.6 101.5±2.9 2.9 
10.0 99.1±2.8 2.9 97.0±2.8 2.9 100.2±1.6 1.6 98.2±2.7 2.7 100.6±1.8 1.8 
DAN 
0.4 98.8±5.6 5.7 95.8±4.7 4.9 94.6±2.2 2.4 97.0±2.4 2.5 98.3±3.4 3.5 
0.8 96.0±2.5 2.6 96.8±3.7 3.8 93.8±4.7 5.0 97.0±3.3 3.4 96.9±3.1 3.2 
10.0 97.5±4.3 4.4 91.3±3.1 3.3 94.2±2.3 2.5 98.2±2.1 2.1 100.4±1.2 1.2 
DIF 
0.2 95.6±2.2 2.3 96.1±3.1 3.2 99.4±2.0 2.0 96.3±3.5 3.6 97.8±2.1 2.1 
0.4 93.3±2.2 2.4 96.3±4.8 5.0 97.6±4.1 4.2 98.2±2.1 2.2 95.5±4.1 4.3 
10.0 96.0±4.6 4.8 97.1±2.3 2.4 99.5±1.6 1.6 100.0±0.5 0.5 102.6±1.6 1.5 
ENR 
0.2 91.0±4.5 5.0 89.0±3.7 4.2 88.4±2.9 3.2 101.0±3.1 3.1 89.2±5.2 5.9 
0.4 90.0±3.4 3.8 94.1±5.6 6.0 95.3±2.5 2.6 98.6±3.4 3.4 93.1±5.0 5.4 
10.0 99.1±3.1 3.1 97.8±3.8 3.9 98.0±2.2 2.3 97.6±1.0 1.1 100.9±2.7 2.6 
FLU 
0.2 100.2±2.8 2.8 94.4±3.4 3.6 96.2±3.1 3.2 96.3±3.6 3.7 93.0±2.0 2.2 
0.4 95.6±3.1 3.3 94.6±2.3 2.4 98.1±2.3 2.3 98.1±2.4 2.5 96.6±1.8 1.9 
10.0 99.1±2.3 2.3 100.0±2.7 2.8 99.0±1.6 1.6 100.0±0.8 0.8 99.1±2.7 2.8 
MAR 
0.4 95.4±2.2 2.3 104.3±5.6 5.4 94.7±3.5 3.7 98.8±1.9 1.9 99.3±2.2 2.2 
0.8 96.6±3.1 3.2 100.1±3.3 3.3 90.9±4.3 4.8 98.7±1.6 1.6 93.7±1.6 1.7 
10.0 93.8±2.3 2.2 100.0±3.7 3.7 93.5±2.4 2.5 96.9±1.1 1.2 99.3±2.4 2.5 
1)
 Mean recoveries (%, n = 6) ± Standard deviation 
39 
 
































0.2 95.3±2.0 2.0 100.0±3.5 3.5 97.3±1.8 1.9 96.4±3.4 3.6 96.7±1.2 1.2 
0.4 96.5±1.5 1.6 97.4±3.0 3.1 95.3±4.6 4.8 98.2±1.0 1.1 96.3±3.3 3.5 
10.0 98.0±1.8 1.9 97.5±2.7 2.8 97.6±3.0 3.1 99.2±3.9 4.0 98.9±0.4 0.4 
NOR 
0.4 94.4±4.6 4.9 93.6±3.9 4.1 97.1±4.4 4.9 100.9±1.9 1.9 95.1±4.7 5.0 
0.8 96.1±2.8 2.9 97.3±4.3 4.4 94.9±4.0 4.2 96.5±4.7 4.9 95.2±2.5 2.7 
10.0 96.2±4.1 4.3 101.7±5.1 5.0 98.2±1.8 1.9 96.9±3.8 3.9 101.5±1.7 1.6 
OFL 
0.2 94.0±4.4 4.7 102.8±4.1 4.0 87.5±5.0 5.8 95.3±5.7 6.0 92.8±3.1 3.4 
0.4 90.0±3.5 3.9 94.6±4.6 4.9 87.8±4.7 5.3 91.4±0.9 1.0 98.8±4.7 4.8 
10.0 96.1±3.2 3.3 103.9±3.1 3.0 96.5±1.4 1.5 97.7±2.4 2.4 98.7±2.6 2.6 
ORB 
0.4 94.2±3.0 3.2 93.2±2.6 2.8 93.1±2.1 2.2 92.4±1.5 1.6 92.0±2.4 2.6 
0.8 93.4±2.0 2.1 92.9±2.4 2.6 95.0±0.7 0.7 92.9±2.9 3.2 92.5±2.2 2.4 
10.0 96.8±2.1 2.2 94.1±2.9 3.1 93.6±2.0 2.2 93.8±1.5 1.6 94.8±2.7 2.9 
OXO 
0.4 96.5±5.4 5.6 92.5±4.3 4.6 90.8±3.6 4.0 98.8±4.1 4.2 97.5±4.9 5.0 
0.8 94.9±2.3 2.4 94.7±3.7 3.9 88.9±3.2 3.6 97.8±0.6 0.6 98.9±4.2 4.3 
10.0 99.2±1.5 1.6 97.5±2.4 2.5 97.0±3.0 3.1 99.4±3.0 3.0 103.2±0.8 0.7 
PEF 
0.4 97.3±1.7 1.7 96.9±4.6 4.7 88.7±4.3 4.9 90.8±3.9 4.3 94.7±3.0 3.2 
0.8 92.8±4.0 4.3 95.4±3.2 3.4 96.0±1.9 2.0 93.4±5.3 5.7 97.4±3.5 3.6 
10.0 91.0±2.3 2.6 99.4±2.5 2.5 97.2±5.6 2.7 93.5±5.5 5.9 103.3±1.3 1.3 
SAR 
0.2 95.9±5.7 5.9 104.7±3.7 3.6 102.2±3.4 3.3 98.2±4.8 4.9 91.4±4.9 5.2 
0.4 94.5±5.5 5.8 96.1±4.1 4.3 99.5±3.6 3.7 99.3±4.4 4.5 96.2±5.3 5.5 
10.0 95.8±5.3 5.6 93.1±4.2 4.5 96.3±2.7 2.8 96.9±2.1 2.2 101.6±3.4 3.3 
1)
 Mean recoveries (%, n = 6) ± Standard deviation 
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0.4 89.9±3.7 4.0 98.9±0.8 0.8 89.6±3.8 4.3 92.4±1.6 1.8 
0.8 93.4±4.5 4.8 97.8±1.3 1.3 92.1±2.3 2.5 95.7±1.0 1.1 
10.0 95.0±2.6 2.7 95.9±3.4 3.5 98.2±2.1 2.1 97.2±2.2 2.3 
DAN 
0.4 88.9±1.7 1.9 93.7±3.2 3.4 95.0±1.7 1.8 93.0±1.9 2.0 
0.8 92.8±1.2 1.3 95.0±1.6 1.7 92.9±2.8 3.1 92.7±3.0 3.2 
10.0 97.7±3.8 3.9 97.4±2.7 2.8 96.6±2.0 2.0 96.0±3.3 3.5 
DIF 
0.2 90.4±4.5 4.9 97.3±3.9 4.0 90.9±3.8 4.2 95.0±2.5 2.6 
0.4 92.7±4.4 4.8 97.5±3.3 3.3 89.2±3.5 3.9 96.5±3.0 3.1 
10.0 92.7±1.3 1.4 95.2±2.4 2.7 88.3±1.1 1.3 96.9±3.6 3.7 
ENR 
0.2 88.5±4.3 4.8 94.7±3.2 3.3 90.6±4.1 4.5 96.9±3.4 3.5 
0.4 90.3±4.9 5.5 95.1±3.0 3.2 94.8±4.4 4.6 97.3±2.6 2.7 
10.0 91.1±1.2 1.3 96.2±2.5 2.6 94.9±1.4 1.5 97.7±2.9 3.0 
FLU 
0.2 86.0±2.7 3.1 94.8±2.7 2.9 97.3±2.9 3.0 95.8±2.3 2.4 
0.4 93.5±3.8 4.1 95.2±3.2 3.4 93.4±3.4 3.6 96.5±2.5 2.6 
10.0 96.9±1.8 1.9 96.7±2.3 2.4 98.7±1.8 1.8 98.8±2.5 2.5 
MAR 
0.4 98.4±3.2 3.3 97.1±1.7 1.7 87.7±3.0 3.4 96.0±2.6 2.7 
0.8 93.1±3.7 3.9 97.1±1.5 1.6 93.7±2.1 2.2 96.1±3.5 3.7 
10.0 96.8±2.2 2.3 97.1±3.0 3.1 91.7±2.7 3.0 96.1±2.6 2.7 
NAL 
0.2 87.6±2.2 2.6 93.5±2.2 2.3 88.3±3.3 3.7 93.3±1.2 1.3 
0.4 90.9±4.3 4.7 94.1±1.4 1.5 88.8±2.4 2.7 95.8±2.4 2.5 
10.0 94.6±1.6 1.7 95.1±2.9 3.1 92.6±3.0 3.2 96.8±2.7 2.8 
NOR 
0.4 89.9±2.9 3.2 95.8±1.8 1.9 89.2±2.7 3.0 93.7±3.3 3.5 
0.8 83.0±2.8 3.0 96.4±2.5 2.6 94.6±2.7 2.9 97.4±3.5 3.6 
10.0 95.3±2.4 2.5 95.6±0.9 0.9 96.5±1.1 1.1 97.4±2.7 2.7 
OFL 
0.2 87.3±3.9 4.5 94.2±1.5 1.6 88.7±5.0 5.6 97.8±2.4 2.4 
0.4 90.9±5.2 5.7 95.1±1.4 1.5 88.7±3.2 3.6 96.9±2.5 2.6 
10.0 94.9±3.6 3.8 97.0±2.8 2.9 92.2±1.8 2.0 97.2±3.0 3.1 
ORB 
0.4 87.7±2.4 2.8 93.5±3.1 3.3 89.6±4.9 5.4 93.2±1.8 1.9 
0.8 88.1±3.2 3.7 94.2±3.0 3.2 93.2±2.3 2.5 93.2±1.7 1.8 
10.0 94.3±2.0 2.1 94.2±1.3 1.4 94.0±2.1 2.2 95.1±2.1 2.2 
OXO 
0.4 90.1±4.2 4.7 96.2±2.0 2.1 94.1±1.7 1.8 97.0±2.8 2.9 
0.8 93.6±3.4 3.6 93.6±1.7 1.8 93.7±2.8 3.0 96.3±2.5 2.6 
10.0 97.1±2.2 2.3 94.2±1.8 1.9 100.9±1.1 1.0 96.8±2.2 2.2 
PEF 
0.4 91.3±3.8 4.1 98.3±2.3 2.3 92.9±3.8 4.1 93.4±0.8 0.9 
0.8 93.3±4.4 4.7 97.7±0.9 0.9 93.4±1.8 2.0 97.3±2.4 2.4 
10.0 95.7±1.8 1.9 95.8±1.9 1.9 92.1±1.4 1.5 97.9±2.6 2.7 
SAR 
0.2 87.9±4.3 4.8 95.9±2.9 3.1 88.6±4.2 4.7 94.5±2.1 2.2 
0.4 92.6±4.9 5.3 96.1±3.5 3.7 89.2±3.2 3.6 96.2±3.8 4.0 
10.0 93.9±2.2 2.3 95.4±2.1 2.2 88.2±3.9 4.4 98.3±1.5 1.5 
1)
 Mean recoveries (%, n = 6) ± Standard deviation 
2)
 Relative standard deviation (%) 
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Table 10. Comparison of the solvent extraction effects on the recoveries (%) from beef 




















1% 77.00 105.30 90.21 7.05 7.82 96.94 109.90 104.60 3.59 3.43 
2% 85.8 111.80 98.58 8.66 8.78 98.85 117.20 104.20 4.63 4.44 
2.5% 89.21 115.10 101.02 6.92 6.85 91.93 102.20 96.10 3.20 3.33 
3% 69.73 112.30 88.62 12.58 14.20 103.70 116.80 110.25 3.72 3.38 
4% 66.72 113.00 94.27 14.35 15.22 96.35 112.70 103.35 4.12 3.99 
5% 87.14 124.80 107.35 8.68 8.09 92.75 121.20 102.76 7.00 6.81 
Flatfish 
1% 86.08 117.10 100.98 8.26 8.18 91.02 159.6 106.62 17.33 16.25 
2% 92.18 113.70 102.38 7.08 6.92 93.56 124.90 102.43 8.42 8.23 
2.5% 92.28 113.80 103.66 5.95 5.74 94.06 110.80 100.51 4.80 4.78 
3% 113.10 139.40 127.03 8.33 6.56 89.04 114.00 100.96 6.98 6.91 
4% 95.54 131.40 108.34 8.62 7.96 91.03 116.30 99.45 6.93 6.97 
5% 90.23 117.40 105.61 7.57 7.17 98.98 112.40 106.37 5.30 4.98 
1)
 Trichloroacetic acid 
2)
 Average of recovery rate (%) 
3)
 Standard deviation  
4)
 Relative standard deviation (%) 
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Table 11. Number of samples according to the sampling area 
 
Seoul Busan Incheon Daegu Gwangju Daejeon Ulsan Total 
Beef 21 8 5 7 6 6 6 59 
Pork 17 6 7 5 4 5 5 49 
Chicken 13 5 5 3 3 2 3 34 
Milk 7 6 4 3 3 2 4 29 
Egg 5 5 4 2 3 4 4 27 
Flatfish 5 5 4 2 3 3 4 26 
Common eel 6 5 3 3 4 3 3 27 
Jacopever 6 5 4 3 4 4 3 29 
Shrimp 7 5 4 4 3 4 3 30 



















Beef 59 7 8 0.2~20.0 11.9 
Pork 49 7 5 0.6~4.1 14.3 
Chicken 34 22 3 0.1~47.0 64.7 
Milk 29 2 8 0.7~0.9 6.9 
Egg 27 1 4 0.3~0.5 3.7 
Flatfish 26 12 1 0.3~21.1 46.2 
Common eel 27 16 5 0.1~100.0 59.3 
Jacopever 29 27 1 0.3~22.8 93.1 
Shrimp 30 10 11 0.2~5.1 33.3 
1)
 LOQ: Limit of quantification 
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Table 13. The kinds of the detected quinolones in livestock and marine products  
Number of detected 
samples 




Difloxacin - - - - 1 - - - 5 
Enrofloxacin - - 8 - - 2 - 7 1 
Ciprofloxacin - - - - - 1 - 11 - 
Enrofloxacin+ciprofloxacin - - 11 - - - - 7 - 
Flumequine - 2 6 - 1 4 3 8 - 
Marbofloxacin - - - 1 - 2 - - - 
Nalidixic acid - - - - - - - 1 - 
Orbifloxacin 4 - - 1 - 1 - 1 - 
Oxolinic acid 1 4 1 - - 7 14 11 7 
Pefloxacin - - - - - - 1
1)
 - - 
Sarafloxacin 2 2 1 - - 1 2 1 1 
1)
 Above the legal residue limit 
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Beef 2/59 0.0002-0.0007 30.36 0.00000002 0.004 
Pork 2/49 0.007-0.0041 56.19 0.0000002 0.050 
Chicken 1/34 0.0014 78.44 0.00000006 0.014 
Flatfish 1/26 0.0003 58.93 0.00000001 0.003 
Common eel 2/27 0.0007-0.0036 54.30 0.00000013 0.003 
Jacopever 1/29 0.0228 36.23 0.00000052 0.129 
Shrimp 1/30 0.0006 18.45 0.00000001 0.002 
 ∑EDI=0.00000077 ∑EDI/ADI=0.205 
Marbofloxacin 
※ADI=0.0045 
Milk 1/29 0.0007 217.61 0.0000001 0.002 
Flatfish 2/26 0.0011-0.0015 58.93 0.0000002 0.005 
Shrimp 2/30 0.0003-0.0004 18.45 0.00000002 0.0003 
 ∑EDI=0.00000033 ∑EDI/ADI=0.0073 
1)
 ADI is expressed in terms of mg/kg weight/day by a person of 55 kg 
2) 
Number of detected sample/total sample 
3)
 From Korean National Health and Nutrition Examination Survey 
4) 
EDI (mg/person/day) = Food intake (kg/person/day) × detected concentration in food (mg/kg) 
5)
 Risk value (%) 
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Beef 1/59 0.002 30.36 0.00000002 0.00008 
Pork 3/49 0.001-0.003 56.19 0.00000004 0.0002 
Chicken 1/34 0.0009 78.44 0.00000004 0.0002 
Flatfish 7/26 0.0008-0.021 58.93 0.0000092 0.036 
Common eel 14/27 0.0001-0.1 54.30 0.000138 0.553 
Jacopever 10/29 0.0003-0.005 36.23 0.0000045 0.018 
Shrimp 7/30 0.001-0.005 18.45 0.00000102 0.004 
 ∑EDI=0.00015 ∑EDI/ADI=0.612 
Flumequine 
※ADI=0.00825 
Pork 2/49 0.0004-0.0006 56.19 0.000000042 0.0005 
Egg 1/27 0.0005 28.90 0.000000010 0.0001 
Chicken 6/34 0.00003-0.0005 78.44 0.000000242 0.003 
Flatfish 3/26 0.0006-0.0035 58.93 0.000000618 0.007 
Jacopever 7/29 0.0002-0.0037 36.23 0.000000986 0.012 
Common eel 3/27 0.0004-0.001 54.30 0.000000362 0.004 
 ∑EDI=0.0413 ∑EDI=0.027 
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Chicken 8/34 0.0004-0.0037 78.44 0.000004 0.064 
Flatfish 2/26 0.0012 58.93 0.0000002 0.003 
Jacopever 7/29 0.0006-0.0037 36.23 0.0000014 0.022 
Shrimp 1/30 0.0004 18.45 0.000000004 0.0001 
 ∑EDI=0.000006 ∑EDI/ADI=0.0895 
Difloxacin 
※ADI=0.001 
Egg 1/27 0.0003 28.90 0.000000006 0.0006 
Shrimp 3/30 0.0002-0.0006 18.45 0.000000037 0.0037 
























Piromidic acid(IS) (M.W.:288.30) Sarafloxacin (M.W.:385.36) 
 
 













































Fig. 2. The sampling number by area according to the 「Sampling with probability 









Seoul 10.206 43.9 
Busan 3,359 15.2 
Incheon 2,840 12.2 
Daegu 2,508 10.8 
Gwangju 1,471 6.4 
Daejeon 1,525 6.6 
Ulsan 1,147 4.9 






Beef 59 7 
Pork 49 7 
Milk 34 22 
Chicken 29 2 
Egg 27 1 
Flatfish 26 12 
Common eel 27 16 
Jacopever 29 27 
Shrimp 30 10 

























Fig. 3. Schematic diagram of the extraction procedure for the determination of quinolones 
(ciprofloxacin, danofloxacin, difloxacin, enrofloxacin, flumequine, marbofloxacin, 
nalidixic acid, norfloxacin, ofloxacin, orbifloxacin, oxolinic acid, pefloxacin, and 
sarafloxacin) in livestock and marine products.  
 
Spiked samples were stood in the dark at room temperature  
for at least 10 min 
2.5% trichloroacetic acid (1 mL) was added and mixed 
Extraction solution (; 1% acetic acid in acetonitrile, 15 mL) was added and 
mixed 
Centrifuge at 1,000×g for 15 min  
Pour supernatant into a separating funnel,  
acetonitrile-saturated hexane (15 mL) was added and agitated for 5 min 
Transfer lower layer into a 20 mL glass tube 
Evaporate to dry at 45℃ under a stream of nitrogen 
Dissolve in 1 mL of 0.1% formic acid in acetonitrile (v/v) 
Weigh 1 g sample and IS into a 50 ml polypropylene tube 









































Fig. 4. UPLC-ESI-MS/MS chromatograms of a blank bovine muscle sample spiked at 10 
μg/kg for DIF, ENR, FLU, NAL, OFL, and SAR, 20 μg/kg for CIP, DAN, MAR, NOR, 



























Fig. 5. Comparison of ion transition between flumequine and oxolinic acid. Chromato-
grams, obtained from the bovine muscle fortified with 10 μg/kg of flumequine and 20 
μg/kg of oxolinic acid, were described. The transition [M + H]
+
 → [M + H-OC3H8]
+ 
(m/z 
262 →202) was used for flumequine and [M + H]
+
 → [M + H-OCH2O]
+ 
(m/z 262 →216) 
































































       
(C) Flumequine 
 
Fig. 6. The food contribution for estimated daily intake from quinolones residues.  
(A) Sarafloxacin, (B) Enrofloxacin, (C) Flumequine, (D) Oxolinic acid, 


















































































Fig. 7. UPLC-ESI-MS/MS chromatogram of pefloxacin standard solution (left) and 











Development of multi-residue analytical method for 9 
cephalosporins and application to the residue monitoring 










A sensitive ultra performance liquid chromatography with electrospray ionization 
tandem mass spectrometry (UPLC-ESI-MS/MS) method was developed for the 
simultaneous quantitative analysis of 9 cephalosporins in 8 species of livestock and 
marine products (beef, pork, chicken, milk, flatfish, jacopever, common eel, and shrimp). 
Multiple reaction monitoring scanning was performed for quantification with switching 
electrospray ion source polarity between positive and negative modes in a single run time 
of 5 min. Highest sensitivity for the analytes was obtained when cefazolin, cephapirin, 
desacetyl-cephapirin, cephalexin, cefalonium, cefoperazone, and cefuroxime were 
measured in the positive electrospray ionization mode (ESI(+)) and cefquinome and 
brucine (as internal standard) were measured in the negative electrospray ionization mode 
(ESI(-)). The analytical method involved the sample preparation based in a combination 
of solvent extraction and ultrasonic-assisted extraction. Besides, matrix matched 
calibration curve with internal standard was used for quantification during the 
determination of the cephalosporin residues in samples. 
The proposed method was validated according to the CODEX guideline and all results 
fully complied with CODEX recommendation. Good linearities were obtained and the   
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correlation coefficients ranged from 0.9990 to 0.9997 depending upon antibiotics. The 
limit of detection and limit of quantitation were lower than 8 and 25 μg/kg, respectively.    
A survey for 9 cephalosporins was conducted using 333 livestock and marine products 
distributed in Korea. Cefalonium was detected in 11 beef samples and cefquinome was 
detected in 1 milk sample. Detected concentrations were from 1.10 to 14.7 μg/kg in beef 
and 7.50 μg/kg in milk. All the detected levels were below the legal residue limits of 10-





Cephalosporins are β-lactamic antibiotics that consist of the 7-amino cephalosporonic 
acid nucleus and a six membered dihydrothiazine ring fused to the β-lactam portion and 
they act by inhibiting the synthesis of the peptidoglycan layer of bacterial cell walls (Hou 
et al., 2013). They are most widely used in veterinary medicine for livestock farming and 
bovine milk production and used for the prevention and treatment of bacterial infection, 
such as respiratory, urinary, and skin infections (Hermo et al., 2013). However, it is well 
known that β-lactam antibiotics possess an allergic potential in pre-sensitized people and 
therefore it cannot completely be excluded that high residue levels in food of animal 
origin will evoke allergic reactions in highly sensitive individuals. For these reasons, no 
feeding before shipping, the proper dosage, the observance of withdrawal period, and the 
accurate pharmaceutical feeding are major factors to prevent possible resistances.  
The EU has established maximum residue limits (MRLs) for cephalosporins in 
foodstuffs of animal origin (EU, 2009). The MRLs ranges are between 20 and 1,000 
μg/kg for mammalian food producing species, such as milk, muscle, fat, and so on. In 
Korea, cefacetrile, cefazolin, cephapirin, cefalexin, cefalonium, cefoperazone, cefuroxime, 
cefquinome, and ceftiofur were licensed for the treatment of bacterial infections of 
animals used in livestock farming. The MRLs of cephalosporins were established by the 
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Ministry of Food and Drug Safety (MFDS) (Table 1) and ranged between 0.1 and 1 
mg/kg for mammalian food producing species, such as cattle, pig, sheep, etc (MFDS, 
2014). The residue levels below the MRLs are considered as safe. In this sense, the 
simultaneous determination of cephalosporins residues at MRL levels requires reliable 
and efficient analytical methods to comply with current legislations.   
Several analytical methods have been described for the determination of 
cephalosporins included capillary electrophoresis (Solangi et al., 2007), luminescence 
(Yunjuan and Jiuru, 2006), spectrophotometry (Saleh et al., 2001; Saleh et al., 2003), and 
liquid chromatography (Virginia et al., 2000; De Diego et al., 2005; Zhu and Row, 2009; 
Karaqeorqou and Samanidou, 2010). However, the problems of the methods related to 
specificity and selectivity. Analytical detection limits of HPLC-UV method are generally 
limited by significant signal interference associated with UV spectral overlaps with other 
food constituents (Hui et al., 2013). Nowadays, LC-MS/MS has become the major 
analytical method for identifying cephalosporins due to its higher selectivity and 
sensitivity than other methods. Several methods have been described applying LC-
MS/MS in bovine milk (Bruno et al., 2001; Hou et al., 2013), muscle (Matthias et al., 
2004; Perez-Burgos et al., 2012), and kidney (Fagerquist and Lightfield, 2003; Clifton et 
al., 2005; Katerina and Alan, 2008). Although other mass spectrometers can be applied, 
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triple quadrupole mass spectrometers are excellent for quantification because they isolate 
and target biomolecules of interest, exclude signal from the background matrix, and are 
sensitive, fast-scanning and reproducible with high dynamic range. For this reason, triple 
quadrupoles are routinely used for developing mass spectrometry-based quantitative 
assays via MRM (Min et al., 2012). However, there is still a need for multi-residue 
methods capable of confirming and quantifying most of cephalosporins for which MRL 
values were set in different matrices. Moreover, compared to LC, UPLC improved 
resolution and sensitivity, as well as significantly reduced sample analysis time and 
mobile phase solvent consumption (Junza et al., 2011; Stolker et al., 2005). 
Therefore, the purpose of this work was to develop a simultaneous method based in a 
combination of solvent extraction and ultrasonic-assisted extraction followed by UPLC-
ESI-MS/MS for the detection and quantification of 9 cephalosporins (cefacetrile, 
cefazolin, cephapirin, desacetylcephapirin, cefalexin, cefalonium, cefoperazone, and 
cefuroxime) in livestock and marine products. Moreover, the proposed method was 
applied to the monitoring on residues of 9 cephalosporins in livestock and marine 




MATERIALS & METHODS 
 
Chemicals and materials 
  Cefacetrile and desacetyl-cephapirin were obtained from Toronto Research Chemical 
(Ontario, Canada). Cephapirin, cefalexin, cefalonium, cefoperazone, cefuroxime, and 
cefquinome were purchased from Fluka and, cefazolin was supplied by Sigma-aldrich 
(MO, USA) (Fig. 1). Brucine from Sigma-aldrich was used as internal standard (IS). 
Acetonitrile, hexane, and methanol were HPLC grade and obtained from Merck 
(Darmstadt, Germany).  
 
Sample collection 
Sampling area was set in accordance with the 「Sampling with probability 
proportionate to size」and species and number of samples were determined on the basis 
of the consumption of food according to the 「National Health and Nutrition 
Examination Survey, 2011」. Each sample was purchased at least two and sampling 
points within the sampling area were not biased.  
As a result, a total of 333 livestock products including beef (n=75), pork (n=63), milk 
(n=77), chicken (n=21), flatfish (n=23), jacopever (n=27), common eel (n=22), and 
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shrimp (n=25) were purchased from different markets in Seoul, Busan, Incheon, Daegu, 
Daejeon, Gwangju, Ulsan, and Jeju. Details were given in Fig. 2. All solid samples were 
finely ground with blender and stored in a freezer (-20℃) until use. 
 
Preparation of standard solution 
Each individual standard, for example, cefacetrile, desacetyl-cephapirin, cephapirin, 
cefalexin, cefalonium, cefoperazone, cefuroxime, and cefquinome was dissolved in 
methanol. Stock standard solution (100 μg/mL) were obtained and stored at 4℃ in the 
dark for no longer than 2 months. Working standard solutions were prepared daily by 
mixing individual stock solutions and diluted in distilled water. Brucine (IS) was diluted 
in distilled water at the concentration of 1 μg/ mL. 
 
Preparation of spiked samples and standard  
 One sample of each matrix was repeatedly measured to confirm that no 8 cephalosporins 
were present and was used for the preparation of matrix-matched calibration standards 
and fortified samples for the validation of the proposed method.  
Each blank sample of beef, pork, chicken, milk, flatfish, jacopever, common eel, and 
shrimp was homogenized and stored at -20℃ until use. Fortified samples were prepared 
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by spiking 100 μL of diluted working solutions at the concentration of 1/2 MRL, MRL, 
and 2 MRL for cephalosporins.  
 
Matrix-matched calibration curves 
For quantification, matrix-matched calibration curves with IS were performed. The 
blank samples (beef, pork, chicken, milk, flatfish, jacopever, common eel, and shrimp) 
were used as matrix and fortified with working standard solutions. Each sample was 
submitted to the full extraction procedure. The six-point matrix-matched calibration 
curves in livestock and marine products (except milk) were prepared with the blank 
samples spiked with 0, 0.25, 0.05, 0.1, 0.2, and 0.3 mg/kg for cefacetrile, desacetyl-
cephapirin, cephapirin, cefoperazone, and cefquinome, and 0, 0.05, 0.1, 0.2, 0.4, and 0.6 
mg/kg for cefalexin and cefazolin, and 0, 0.005, 0.01, 0.02, 0.04, and 0.06 mg/kg for 
cefalonium, and 0, 0.01, 0.02, 0.04, 0.08, and 0.12 mg/kg for cefuroxime, respectively.  
In milk, the curves were prepared with the blank samples spiked with 0, 0.025, 0.05, 0.1, 
0.2, and 0.3 mg/kg for cefacetrile and cefazolin, and 0, 0.015, 0.03, 0.06, 0.12, and 0.18 
mg/kg for cephapirin, desacetyl-cephapirin, and cefoperazone, and 0, 0.05, 0.1, 0.2, 0.4, 
and 0.6 mg/kg for cefalexin, and 0, 0.005, 0.01, 0.02, 0.04, and 0.06 mg/kg for 
cefalonium, and 0, 0.01, 0.02, 0.04, 0.08, 0.12 mg/kg for cefuroxime and cefquinome, 
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respectively. Brucine (IS) was spiked in all of these samples at the concentration of 20 
μg/kg. The calibration curves for 9 cephalosporins were constructed by calculating the 
ratio of each peak area relative to the corresponding IS. Separate calibration curves were 
used for each sample.  
 
Extraction procedure 
Homogenized sample (2 g) of beef, pork, chicken, flatfish, jacopever, common eel, and 
shrimp and 2 mL of milk was taken into a 50 mL disposable polypropylene centrifuge 
tube and IS solution (100 μL) was directly spiked. 5 mL of acetonitrile was added to the 
sample and followed by shaking during 2 min on a vortex mixer (Heidolph Reax top, 
Heidolph, Schwabach, Germany). The samples were homogenized again for 10 min with 
ultra-sonicator (Power sonic 520, Hwashin, Seoul, Korea) and centrifuged (Allegra X-
22R, Beckman Coulter, Brea, CA, USA) at 1,000×g for 10 min to induce the precipitation 
of proteins. The supernatant was poured into a separating funnel and repeat the same step 
once more. The supernatant obtained two times was moved in a 50 mL centrifuge tube, 
10 mL of hexane was added to the supernatant extract in order to remove the lipid. After 
vortex-mixing for 1 min and centrifugation at 1,000×g for 10 min, the lower layer was 
filtered through a syringe filter (Whatman
®
, PVDF membrane, pore size 0.45μm) and 
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transferred into the 15-mL glass test tube. The extract was evaporated to a proper volume 
(about 1 mL) under a stream of nitrogen (EYELA GM-2200, Tokyo, Japan) and 
subsequently methanol (1 mL) was added and evenly mixed. After that, the extract was 
evaporated until dryness under a gentle nitrogen stream at 45℃. The residue was 
reconstituted with 400 μL of 0.1% formic acid in 10% acetonitrile (v/v) and filtered 
through a syringe filter (Whatman
®
, PVDF membrane, pore size 0.2 μm) prior to UPLC-
ESI-MS/MS injection (Fig. 3). Every sample was analyzed three times and the result was 
expressed as the mean of the total residue concentration. 
 
UPLC-ESI-MS/MS conditions 
UPLC equipment was an Acquity ultra performance LC-Waters system equipped with 
an autosampler (Waters, MA, USA) and ESI-MS/MS measurements were performed 
using a Quattro premier XE (Waters, MA, USA). Cephalosporins were separated on an 
Acquity UPLC BEH C18 column (2.1 mm × 100 mm, 1.7 μm particle size, Waters). Data 
was controlled by MassLynx 4.1 software (Waters) in a personal computer.  
The binary mobile phase of UPLC-MS/MS composed of deionized water and 
acetonitrile with 0.1% formic acid in both solvents was used. The gradient conditions 
were initiated with 95% mobile phase A followed by a linear decrease to 10% in 3 min, 
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and maintained for 0.5 min at 10%. Then mobile phase A was increased to 95% in 0.1 
min and holding at 95% for 1.4 min. The run time for each injection was 5 min, the flow 
rate was 0.35 mL/min, and the injection volume was 20 μL in the full-loop mode. Details 
were given in Table 2. 
The mass spectrometer was operated with ESI source in the polarity switching mode. 
MS determination was performed with MRM experiments combined with monitoring of 
the most abundant MS/MS (precursor→product) ion transitions using a dwell time of 
0.03s. Detailed parameters for MRM acquisition are presented in Table 3. The MS 
parameter were as follow: capillary voltage, 3.5 kV; source temperature, 120℃; 
desolvation temperature, 350℃; cone gas flow, 50 L/h; and desolvation gas flow, 800 L/h. 
 
Method validation 
The method was validated according to the CODEX guideline (FAO, 2009) for a 
quantitative confirmation method. The validation parameters to evaluate the method were 
linearity, limit of detection (LOD), limit of quantitation (LOQ), precision (repeatability 
and reproducibility), and accuracy.  
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RESULTS & DISSCUSION 
Method validation  
Each matrix was repeatedly measured to confirm that no 9 cephalosporins were detected 
and was used for the preparation of matrix-matched calibration standards and fortified 
samples for the validation of the method. The developed method was validated with 
UPLC-ESI-MS/MS according to the CODEX guidelines (FAO, 2009) for quantitative 
methods. All obtained results were satisfied with CODEX recommendation and indicated 
the stability of the proposed method.  
The linearities, LOD, and LOQ for each species of matrices were shown in Table 4. The 
linearity was measured with the matrix-matched calibration curves using 6 calibration 
points. Good linearities were obtained and the correlation coefficients ranged between 
0.9990 and 0.9997 depending upon antibiotics. Besides, brucine as IS, which 
considerably increased the linearity of the matrix-matched calibration curves of 9 
cephalosporins.   
The LOD and LOQ values were measured based on signal-to-noise ratio (S/N) values of 
3.3 and 10, respectively. The LOD ranged from 0.3 to 6 μg/kg and LOQ ranged from 1 to 
20 μg/kg in livestock (except milk) and marine products, respectively. In milk, the LOD 
ranged from 0.8 to 8 μg/kg and LOQ ranged from 8 to 25 μg/kg, respectively. The results 
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of LOD and LOQ demonstrated that the method were enough to determine the MRLs 
values in animal origin products.  
The repeatability and reproducibility (the intra-day and inter-day precision) were 
evaluated in 8 livestock and marine products. These validation parameters are expressed 
as relative standard deviation (RSD, %). The repeatability was evaluated by spiking 8 
blank samples (n=6, for each matrix) at the MRL level and the reproducibility was carried 
out on 3 consecutive days. Repeatability and reproducibility results were presented in 
Table 5 and 6. The RSD (%) of repeatability ranged between 3.07 (Cefuroxime) in pork 
and 11.68 (Desacetyl-cephapirin) in jacopever. The RSD (%) of reproducibility ranged 
between 0.88 (Cefalexin) in beef and 10.92 (Desacetyl-cephapirin) in shrimp. It could be 
observed that RSD (%) were always lower than 12%. The repeatability values expressed 
as RSD (%) were lower than 15%, which is within the acceptance criteria of CODEX for 
validating analytical methods.  
The accuracy of the method was estimated through recovery studies. The percentage of 
recoveries were calculated at 3 different spiking levels (1/2×MRL, MRL, and 2×MRL). 
The matrix-matched calibration curves were used with IS. Average recoveries (%) of each 
analyte were obtained performing the analysis in 6 replicated for each matrix. The 
recovery data were presented in Table 7 and 8. The acquired results were satisfied, with 
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the percentage of recoveries (%) ranged from 63.82±8.00 (cefacetrile) to 92.89±4.09 
(cefalonium) in livestock products and from 73.16±2.63 to 95.13±7.24 (cefalexin) in 
marine products. The RSD (%) ranged from 3.27 to 12.54 in livestock products and from 
3.06 to 7.61 in marine products. The results were within the acceptance criteria of the 
CODEX validating analytical method (Fig. 4). 
In this study, good validation parameters were obtained indicating the suitability of the 
proposed method for the multi-residue analysis of 9 cephalosporins. Besides, the use of 
matrix-matched calibration curves with IS enabled to reduce the difference in the signal 
output of analyte between a sample extract solvent and a pure solvent. 
 
Optimization of sample preparation  
In this work, the reliable and specific method for livestock and marine products was 
developed. Extraction procedure was focused on the establishment of the most suitable 
conditions used for the simultaneous determination of 9 cephalosporins from animal 
origin products.  
Several extraction solvents were evaluated in order to maximize the recovery and 
minimize preparation time. Beef, flatfish, and milk blank samples fortified with 9 
cephalosporins were extraction with solution of 100% acetonitrile (v/v), 100% methanol 
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(v/v), and acetonitrile: distilled water (80:20, v/v) and consecutively extracted with 
hexane or not. As a result, 100% acetonitrile (v/v) and additional hexane extraction were 
shown to the most effective recoveries and lowest RSD (%) in 3 species of matrices (Fig. 
5). Acetonitrile was preferred than methanol as an extraction solvent. Because acetonitrile 
could simultaneously precipitate the proteins, denature enzymes, and extract the target 
analytes. The extraction of hexane and syringe filtration was useful to achieve the 
deproteinization and defatting of samples. Moreover, after the solvent extraction of 
acetonitrile, a continuative ultrasonic-assisted extraction was conducted in order to 
acquire higher recovery. Ultrasound could be regarded as a useful alternative for solid 
sample pretreatment because the energy accelerated the steps of sample preparation, such 
as dissolution, fusion, and leaching (De Castro and da Silva 1997; Marilena and Nikolaos, 
2015).  
In addition, a pre-concentration step was evaluated. To carry out this step, methanol (1 
mL) was added or not during evaporation under a stream of nitrogen. Consequently, when 
the methanol (1 mL) was added to tube in pre-concentration step, the recoveries (%) were 
improved by 14% in beef (cefuroxime), 45.7% in flatfish (cefoperazone), and 37% in 
milk (cefalexin), respectively. Details were given in Fig. 6. 
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When ESI is used as ionization technique, one of the main problems is the signal 
suppression or enhancement of the analytes due to the other components present in the 
matrix (Rocui et al., 2014). Because the existence of matrix effects, matrix matched 
calibrations were used for quantification during the determination of the 9 cephalosporins 
in livestock and marine products. Besides, quantification by matrix-matched calibration 
curves using IS allowed to monitor the efficiency of the extraction procedure and also to 
correct possible matrix effects (Andreia et al., 2014). Thus, this proposed method could 
be applied to the diverse matrices.  
 
Optimization of UPLC-ESI-MS/MS  
Chromatographic conditions of UPLC were studied in order to achieve the best 
separation and retention for the analytes, minimizing analysis time. Several experiments 
were conducted testing different mobile phases consisting of acetonitrile as organic phase 
and water with different concentrations of formic acid (0.05 and 0.1%) or ammonium 
formate (5 mM). As a result, the addition of 0.1% formic acid allowed better results than 
ammonium formate, and it enhanced the ionization efficiency. Especially, formic acid and 
acetonitrile were significant roles for the formation of well distributed peak and sharp 
peak shape (Lina et al., 2011; Junza et al., 2014). Moreover, 5 min of run time was 
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acquired with the optimum conditions for the separation of 9 cephalosporins. Good 
response was obtained with the gradient described in Table 2. Furthermore, in the first 1 
min of the analysis time, main interference are presented due to polar matrix constituents 
that are eluted and co-elution with the analytes would lead to large signal suppression 
(Marilena et al., 2015). As a result, it was important that 9 cephalosporins began to elute 
after the 1 min of the analysis time. Other parameter such as flow rate, and injection 
volume were studied in order to obtain a fast and reliable separation. The best results 
were acquired when 0.35 mL was used as flow rate and 20 μL were injected, respectively.     
The chromatographic separation of 9 cephalosporins was performed with a 2.1 mm× 100 
mm column, which was consisting of a smaller particle size than common HPLC column 
(Andreia et al., 2013). Thus, it could be acquired the high efficiency in peak separation 
and good peak resolution.  
In MS/MS system, at first, the selection and tuning of the precursor and product ions 
were performed. For polarity switching ionization mode, direct infusion of each standard 
solution (1μg/mL) was carried out, depending on if the determination of the analyte is 
achieved in positive or negative ionization mode, respectively. As a result, the protonated 
([M+H]
+
) or deprotonated ([M-H]
-
) molecular ions were selected as the precursor ion. 





 using the positive electrospray ionization mode (ESI(+)). However, the negative 
electrospray ionization mode (ESI(-)) was found to be the most sensitive electrospray 
condition. Consequently, in this study, 8 cephalosporins (cefacetrile, cefazolin, cephapirin, 
desacetyl-cephapirin, cefalexin, cefalonium, cefoperazone, and cefuroxime) had better 
sensitivity and reproducibility in the positive ion mode, and negative ion mode was 
suitable for the analysis of cefquinome and brucine. Especially, the ESI(-) mode resulting 
in a much better signal to noise ratio of the molecular ions (Matthias et al., 2004).  
Then, collision energies were evaluated in order to trace the most abundant product ions, 
selecting the most sensitive transition for quantification purposed and a second one for 
confirmation. Table 3 presented MS/MS transitions as well as cone voltage and collision 
energy values optimized for the 9 cephalosporins. 
The system was operated in the MRM mode acquiring two diagnostic product ion 
transitions for each cephalosporin. Two product ion transitions (quantifier ion, qualifier 
ion) are monitored and the ratio between the monitored fragment ions is calculated and 
compared with the ratio obtained from the analytical standard. To achieve maximum 
sensitivity for all analytes, sufficiently long dwell times are required for each daughter 
ion transition measured. As a result, the chromatography gradient conditions were 
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adjusted to obtain a nearly complete separation of 9 cephalosporins. Chromatograms of 9 
cephalosporin antibiotics were presented in Fig. 7.   
 
Application of the proposed method to animal products 
Cephalosporins were analyzed in 333 livestock and marine products including 75 beef, 
63 pork, 77 milk, 21 chicken, 23 flatfish, 27 jacopever, 22 common eel, and 25 shrimp 
(Table 9). The results were described in Table 10. The residues of cephalosporins were 
detected in only 12 livestock product samples (3.6% incidence), such as, beef and milk. 
11 out of 75 beef samples (14.7% incidence) and 1 out of 77 milk samples (1.3% 
incidence) showed cephalosporins residues (Fig. 2). The detected cephalosporins in 
livestock products were cefalonium in beef and cefquinome in milk, respectively. 
Detected concentrations were from 1.10 to 9.77 μg/kg in beef and 7.50 μg/kg in milk.  
Cephapirin is rapidly and quantitatively metabolized to desacetylcephapirin and acetic 
acid in spiked muscle and kidney homogenate. Thus, only desacetyl cephapirin could be 
determined and validated in tissue homogenate (Matthias et al., 2004). This metabolism 
was not observed for spiked raw milk. However, it has to be considered that after 
intramammary infusion of cephapirin, cephapirin can be detected in milk. The council 
regulation (EEC) 2377/90 and the Korea Food Code set MRLs for the sum of cephapirin 
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and desacetylcephapirin. Thus, the proposed method has been developed so that 
cephapirin and desacetylcephapirin are simultaneously determined in all samples.  
Furthermore, there are no MRLs for the fisheries and marine products in Korea, except 
for cefalexin. In veterinary field, cephalosporin antibiotics are mostly applied to the 
livestock, and especially cefalonium was widely used as a therapeutic agent for bovine 
mastitis (Yim, 2014). In this study, among cephalosporin antibiotics, only cefalonium and 
cefquinome were detected in livestock products below the MRL. Thus, the risk value 
based on the cephalosporins exposure by food intake was calculated using the EDI 
(estimated daily intake) and ADI (acceptable daily intake). Compared with ADI (0.0153 
mg/kg b.w./ day in cephalonium and 0.0038 mg/kg b.w./ day in cefquinome), the risk 
value was safe level of 0.02% in cephalonium and 0.01% in cefquinome, respectively. 
Details were given in Table 11. 
However, cephalosporin were classified as veterinary critically important antimicrobials 
(VCIA) from the Office International des Epizooties (OIE) and also 1- and 2-generation 
cephalosporins were classified as highly important antimicrobials (HIA), and 3- and 4-
generation cephalosporin was classified as critically important antimicrobials (CIA) for 
human medicine) from the World Health Organization (WHO). Although cephalosporin 
residues appeared to be at very save levels in livestock and marine products, the 
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possibility of antibiotic misuse, such as violation of withdrawal period, pharmaceutical 
feed by mistake, and excess dosage, could occur. Therefore, since cephalosporin 
antibiotic resistance is very important in terms of public health, continuous management 





A specific and reliable method was developed and validated for the simultaneous 
determination of 9 cephalosporins in livestock and marine products using UPLC-ESI-
MS/MS. The use of UPLC-ESI-MS/MS improved the sensitivity and reduced analysis 
time, allowing the identification and quantification of 9 cephalosporins in 5 min. 
Acquired validation parameters fully complied with CODEX recommendation. Besides, 
the matrix-matched calibration curves and internal standard play significant roles in 
compensating for the matrix effects.   
In this work, a large number of animal origin products (n=333) commercialized in Korea 
were analyzed and quantified. The residues of 9 cephalosporins were detected in 12 
samples (3.6% incidence) but residue levels were below the MRLs. The detected 
cephalosporins were cefalonium in beef and cefquinome in milk, respectively. 
Furthermore, the risk value was safe level of 0.02% in cephalonium and 0.01% in 
cefquinome. Even though the monitoring results appear to be considerably safe levels, 
antibiotic residues are still exposed to consumers. Therefore, the survey of cephalosporins 
residues in livestock and marine products was continued.  
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Table 1. Maximum residues limits of cephalosporins in Korea  
 
Compound Food mg/kg 
Cefacetrile Milk 0.05 





Cefalexin Cattle, Pig, Sheep, Goat, Equine, Chicken 0.2~1.0 
Fish 0.2 
Milk 0.1 
Cefalonium Cattle 0.01 
Cefoperazone Milk 0.03 
Cefuroxime Cattle, Milk 0.02 
Cefquinome Cattle, Pig, Equine 0.05~0.2 
Milk 0.02 




Table 2. Analytical conditions of LC-ESI-MS/MS for analysis of cephalosporins 
 
 Items Conditions 
LC Instrument Acquity ultra performance LC 
 Column Acuity UPLC BEH C18 (2.1×10 mm, 1.7 um) 
 Mobile phase 
A: 0.1% formic acid in DW 
B: 0.1% formic acid in acetonitrile 
 Gradient 
Time(min) A (%) B (%) 
Initial 95 5 
3.0 10 90 
3.5 10 90 
3.6 95 5 
5.0 95 5 
 
MS Flow rate 0.35 mL/min 
 Injection volume 20 μL 
 Instrument Quattro Premier XE 
 Ionization mode Polarity switching mode 
 Capillary voltage 3.5 kV 
 Cone voltage 17 V 
 Source temperature 120℃ 



















Cefacetrile ESI(+) 362 
178
 
 20 13 
258 12 
Cefazolin ESI(+) 455 
156
 
 15 11 
323 17 
Cephapirin ESI(+) 424 







 25 25 
292 14 
Cefalexin ESI(+) 348 
174
 
 14 12 
158 8 
Cefalonium ESI(+) 459 
152
 
 15 11 
337 19 
Cefoperazone ESI(+) 644 
188
 
 18 20 
528 10 
Cefuroxime ESI(+) 423 
207
 
 15 8 
318 15 
Cefquinome ESI(-) 529 
134
 
 20 15 
125 65 
Brucine (IS) ESI(-) 395 
244
 




Table 4. Validation parameters on the correlation coefficient (r
2



























Cefacetrile 0.9990 - - 8 25 
Cefazolin 0.9994 3 10 1.5 5 
Cephapirin 0.9997 6 20 1.5 5 
Desacetyl-
cephapirin 
0.9992 1.5 5 1.5 5 
Cefalexin 0.9991 6 20 1.5 5 
Cefalonium 0.9995 0.3 1 0.8 2.5 
Cefoperazone 0.9996 - - 3 10 
Cefuroxime 0.9994 3 10 4 12.5 
Cefquinome 0.9991 1.5 5 1.5 5 
1) Limit of detection 
2) Limit of quantitation 
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Table 5. Intra-day precision of 9 cephalosporins at MRL levels 
 
Compound 
Intra-day precision (n = 6), RSD (%)1) 
Beef Pork Milk Chicken Flatfish Jacopever Common eel Shrimp 
Cefacetrile   7.91      
Cefazolin 7.40 8.29 6.83 6.62 9.37 6.61 9.47 8.86 
Cephapirin 8.26 5.70 8.74 9.93 11.39 9.93 7.76 6.34 
Desacetylcephapirin 8.21 5.54 6.27 9.13 5.66 11.68 7.63 6.50 
Cefalexin 6.28 10.50 3.74 5.10 3.93 6.92 3.21 6.65 
Cefalonium 4.73 5.82 9.51 3.20 10.76 8.96 8.43 8.26 
Cefoperazone 6.23 6.95 6.97 8.79 8.39 9.67 10.97 8.48 
Cefuroxime 7.57 3.07 8.74 10.15 9.99 8.85 4.92 9.93 
Cefquinome 5.80 4.95 6.76 2.40 9.85 9.01 7.87 10.63 
1)




Table 6. Inter-day precision of 9 cephalosporins at MRL levels 
 
Compound 
Inter-day precision (n = 3), RSD (%)1) 
Beef Pork Milk Chicken Flatfish Jacopever Common eel Shrimp 
Cefacetrile - - 8.16 - - - - - 
Cefazolin 4.83 4.01 8.42 5.28 4.63 3.59 10.38 9.50 
Cephapirin 3.21 4.55 4.70 4.90 5.83 5.27 4.82 5.75 
Desacetylcephapirin 3.83 4.65 5.58 1.10 3.58 7.47 6.00 10.92 
Cefalexin 0.88 4.35 3.62 4.73 3.88 2.10 0.92 4.61 
Cefalonium 4.83 2.95 9.15 8.92 4.22 5.70 2.94 5.81 
Cefoperazone 6.52 4.78 4.84 8.37 5.12 7.62 10.52 5.99 
Cefuroxime 6.49 8.30 4.70 9.61 9.29 2.80 5.25 6.14 
Cefquinome 4.71 4.97 8.02 5.82 6.21 5.17 4.83 6.12 
1)  
Relatively standard deviation (%)
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1/2 MRL - - - - - - 63.82±8.00 12.54 
MRL - - - - - - 79.17±6.26 7.91 
2 MRL - - - - - - 76.28±6.28 8.23 
Cefazolin 
1/2 MRL 86.35±4.68 5.42 78.84±3.04 3.86 - - 90.60±7.59 8.37 
MRL 87.91±6.50 7.40 83.16±6.90 8.29 - - 90.55±6.19 6.83 
2 MRL 78.87±5.09 6.45 78.87±4.01 5.09 - - 72.99±6.42 8.80 
Cephapirin 
1/2 MRL 79.28±4.55 5.74 - - - - 76.13±4.00 5.25 
MRL 85.48±7.06 8.26 - - - - 85.20±7.45 8.74 
2 MRL 83.85±4.30 5.13 - - - - 82.83±4.06 4.90 
Desacetyl-
cephapirin 
1/2 MRL 78.51±7.47 9.52 - - - - 77.58±5.42 6.98 
MRL 86.16±7.07 8.21 - - - - 88.72±5.56 6.27 
2 MRL 82.71±4.75 5.74 - - - - 82.52±2.62 3.17 
Cefalexin 
1/2 MRL 80.26±4.56 6.25 70.04±2.99 4.27 87.42±7.15 8.18 78.24±7.03 8.99 
MRL 84.99±4.02 7.57 70.42±8.10 10.50 79.91±4.08 5.10 71.87±2.69 3.74 




 Relatively standard deviation (%) 
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1/2 MRL 80.44±4.56 5.67 - - - - 71.62±6.23 8.69 
MRL 84.99±4.02 4.73 - - - - 79.72±7.58 9.51 
2 MRL 91.22±6.59 7.23 - - - - 92.89±4.09 4.41 
Cefoperazone 
1/2 MRL - - - - - - 77.50±4.27 5.52 
MRL - - - - - - 87.17±6.07 8.74 
2 MRL - - - - - - 82.60±3.57 4.90 
Cefuroxime 
1/2 MRL 76.05±4.76 6.25 - - - - 76.13±4.00 5.25 
MRL 88.98±6.74 7.57 - - - - 85.20±7.45 8.74 
2 MRL 81.49±2.66 3.27 - - - - 82.83±4.06 4.90 
Cefquinome 
1/2 MRL 90.59±5.11 5.64 76.20±2.87 3.77 - - 88.39±7.62 8.62 
MRL 81.24±4.71 5.80 78.19±5.18 6.63 - - 71.88±4.86 6.76 
2 MRL 84.87±5.24 6.17 79.93±3.95 4.95 - - 89.12±8.66 9.72 
1)
 Standard deviation  
2)
 Relatively standard deviation  
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1/2 MRL 80.03±2.44 3.05 75.70±4.33 5.71 78.57±4.17 5.31 73.16±2.63 3.60 
MRL 87.87±3.45 3.93 80.27±2.58 3.21 89.36±6.18 6.92 77.12±5.13 6.65 
2 MRL 94.77±5.49 5.79 84.65±5.76 6.80 95.13±7.24 7.61 81.53±5.74 7.06 
1)
 Standard deviation  
2)
 Relatively standard deviation  
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Table 9. Number of samples according to the sampling area 
 
Seoul Busan Incheon Daegu Gwangju Daejeon Ulsan Jeju Total 
Beef 33 14 8 8 3 3 4 2 75 
Pork 28 11 7 6 3 3 2 3 63 
Milk 34 14 9 7 4 4 2 3 77 
Chicken 6 3 2 2 2 2 2 2 21 
Flatfish 6 3 2 2 2 2 2 4 23 
Common 
eel 
5 4 2 2 3 2 2 2 22 
Jacopever 8 4 2 2 2 2 3 4 27 
Shrimp 8 4 2 2 2 2 2 3 25 
Total 128 57 34 31 21 20 19 23 333 
89 
 

















Beef n=75 11 5 1.10-9.77 14.7 cefalonium 
Pork n=63 - -    
Chicken n=21 - -    
Milk n=77 1 - 7.50 1.30 cefquinome 
Flatfish n=23 - -    
Common 
eel 
n=22 - -    
Jacopever n=27 - -    























Cephalonium 0.00153 Beef 11/75 0.0011-0.0098 30.36 0.0000030 0.02 
Cefquinome 0.0038 Milk 1/77 0.0075 217.61 0.0000004 0.01 
1)
 ADI is expressed in terms of mg/kg weight/day by a person of 55 kg. 
2) 
Number of detected sample/total sample 
3)
 From Korean National Health and Nutrition Examination Survey 
4) 
EDI (mg/person/day) = Food intake (kg/person/day) × detected concentration in food (mg/kg) 
5)











Cefalexin (M.W.:347.39) Cefalonium (M.W.:458.51) Cefoperazone (M.W.:645.67) 
  
 
Cefuroxime (M.W.:424.37) Cefquinome (M.W.:528.60) Brucine (IS) (M.W.:394.74) 
 





































Fig. 2. The number of collecting number according to the 「Sampling with probability 
proportionate to size」(A) and distribution of samples containing cephalosporins residues 







Seoul 10.206 43.9 
Busan 3,359 15.2 
Incheon 2,840 12.2 
Daegu 2,508 10.8 
Gwangju 1,471 6.4 
Daejeon 1,525 6.6 
Ulsan 1,147 4.9 






Beef 75 11 
Pork 63 0 
Milk 77 1 
Chicken 21 0 
Flatfish 23 0 
Common eel 22 0 
Jacopever 27 0 
Shrimp 25 0 




















Fig. 3.  Schematic diagram of the extraction procedure for the determination of 
cephalosporins (cefacetrile, cefazolin, cephapirin, cefalexin, cefalexin, desacetyl-






Weigh 2 g sample and IS into a 50 ml polypropylene tube 
Add 5 ml extraction solution (: Acetonitrile) and  
mix & ultrasonicate for 10 min 
Centrifuge at 1,000×g for 10 min  
Pour supernatant into a separating funnel and repeat the same procedure once 
more 
After collecting the supernatant, 
 add 10 ml pour hexane in to a test tube   
After mixing and centrifugation, 
transfer the lower layer into test tube 
Evaporate to dry at 45℃ ≤ 1 mL 
Add 1 mL of methanol and mix & evaporate to dryness (50℃) 
Dissolve in 400 μl of 0.1% formic acid 
 in 10% acetonitrile (v/v) 
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Beef Pork Chicken Milk
  
 









Flatfish Common eel Jacopever Shrimp
 
Fig. 4. Average recoveries measured in livestock (A) and marine products (B). The 
results were within the acceptance criteria of the CODEX guideline. 
CODEX guideline acceptable range 
CODEX guideline acceptable range 
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Fig. 5. Comparison of the solvent effects on the recoveries (%) from beef fortified with 8 
cephalosporins. Cephalosporins were extracted with solution of 100% methanol (v/v), 
100% acetonitrile (v/v), and acetonitrile: DW (80:20, v/v). The recoveries (%) were 
ranged from 63.9 to 121.1% on extraction of methanol, 90.8 to 168.0% on extraction of 
80% acetonitrile (v/v), and 76.7 to 108.5% on extraction of acetonitrile, respectively. As a 
































Fig. 6. Optimization of sample preparation in pre-concentration step. Methanol (1mL) 
was added or not during evaporation under a stream of nitrogen. The addition of 





























Fig. 7. Chromatograms obtained from a bovine muscle sample fortified at 0.3 mg/kg for 
cefacetrile, desacetyl-cephapirin, cephapirin, cefoperazone, and cefquinome, 0.6 mg/kg 
for cefalexin and cefazolin, 0.06 mg/kg for cefalonium, 0.12 mg/kg for cefuroxime, and 
0.02 mg/kg for brucine (IS), respectively. The product ions in the MRM mode were 
produced by collision activated dissociation of selected precursor ions. Two transitions 









Development of analytical method for trimethoprim and 
application to the residue monitoring in livestock and 





A specific and simple analytical method using ultra performance liquid 
chromatography with electrospray ionization tandem mass spectrometry (UPLC-ESI-
MS/MS) was developed to analyze the determination of trimethoprim (TMP) in livestock 
(beef, pork, chicken, milk, and egg) and marine products (flatfish, jacopever, common eel, 
and shrimp). This method involved a solid-liquid extraction, ultrasonic-assisted extraction, 
and a step of solid-phase extraction (SPE) to pre-concentrate and clean up extract. The 
analytical method was validated according to CODEX guidelines and all results fully 
complied with CODEX recommendations. The calibration curve was linear from 0 to 50 
ng/mL, and the correlation coefficient of calibration curve was 0.999. The LOD ranged 
from 0.15 to 0.30 μg/kg and the LOQ ranged between 0.5 and 1.0 μg/kg depending upon 
sample species.  
A survey for TMP was performed using 369 livestock and marine products distributed 
in Korea. TMP was detected in 7 marine samples (1.9% incidence) including 5 jacopever, 
1 flatfish, and 1 common eel. Residue levels were 1.17 to 16.43 μg/kg in jacopever, 40.0 
μg/kg in flatfish, and 13.3 μg/kg in common eel. All the detected levels were below the 
legal residue limits of 20-50 μg/kg in the Korean Food Code and the risk value was very 




Trimethoprim (TMP), a dihydrofolate reductase inhibitor, is an anti-infective agent that 
is commonly used for treatment of a wide variety of bacteria associated with infections of 
the middle ear, and the urinary, respiratory, and intestinal tracts (Isabelli et al., 2014) and 
is also a potentiator when administered in combination with sulfonamides (Mark et al., 
2009), such as sulfamethoxazole (as co-trimoxazole, which contains sulfamethoxa-
zole:TMP in a 5:1 ratio), sulfadiazine (Reza et al., 2013), or separately (Renew and 
Huang, 2004; Chung, 2008). 
The presence of antibiotic residues can increase antibiotic resistance of pathogens and 
can threat to public health. In order to protect consumer health, the European Union set 
maximum residue limits (MRLs) of 100 μg/kg and 50 μg/kg for TMP for members of 
family equidae and all other food producing animals, respectively, that supply milk, 
muscle, fat, liver, and kidney (EU. Commission regulation No. 37/2010, 2010). MRLs of 
Japan which adopts the Positive List System ranged from 20 to 100 μg/kg in animal and 
marine products (Ministry of Health, Labour and Welfare of Japan, 2007). In Korea, TMP 
was licensed for treatment of urinary tract infections and the MRL was established by the 
Ministry of Food and Drug Safety (MFDS) as shown in Table 1 at 50 μg/kg in muscle, 
liver, kidney, and fat of cows, pigs, sheep, and chicken, at 50 μg/kg in milk, fish and 
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crustaceans, at 20 μg/kg in egg, and at 100 μg/kg in muscle, liver, fat, and kidney of horse 
(Notification No. 2010-51 of the Ministry of Food and Drug Safety, 2010).  
Determination of TMP residue at MRL level requires sensitive analytical methods to 
comply with current regulations. HPLC is a commonly used analytical method (Meiling 
et al., 2006; Bedor et al., 2008). Most previous works have involved in only one matrix, 
for instance, blood, plasma, serum, or urine with HPLC (Hiren et al., 2010). Several 
analytical methods have been described for simultaneous analysis of TMP and 
sulfonamides in biological fluids (Batzias et al., 2002; Meiling et al., 2006; Hiren et al., 
2010). Current studies for TMP analysis with LC-MS/MS are underway for muscle and 
plasma (Mark et al., 2009; Nhat et al., 2014); however, there was little research for the 
TMP analysis in livestock and marine products using UPLC-MS/MS. 
One of the main problems of TMP analysis of livestock and marine products is the 
complexity of extraction steps and a need for effective clean-up procedures before 
instrumental analysis. For this purpose, liquid-liquid extraction (LLE), solid-phase 
extraction (SPE), pressurized liquid extraction (PLE), and matrix solid-phase dispersion 
(MSPD) have been used for extraction of TMP from biological fluids (Croubels et al., 
2003; Bedor et al., 2008) and wastewater (Renew and Huang, 2004; Nhat et al., 2012). 
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This paper described the development of a specific and simple analytical method using 
UPLC-MS/MS for the determination of TMP in livestock and marine products, which 
involved solid-liquid extraction, followed by simplified solid-phase extraction (SPE) 
steps. In addition, in this study, TMP residue was monitored in livestock and marine 
products commercialized in Korea. Koreans enjoy eating flatfish and jacopever sashimi, 
roasted eel, and Korean style raw minced beef.  
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MATERIALS AND METHODS 
 
Chemicals and materials 
TMP (Fig. 1) and formic acid were obtained from Sigma-Aldrich (MO, USA). 
Acetonitrile and methanol of HPLC grade were supplied by Burdick & Jackson (Ulsan, 
Korea). Acetic acid (99.9%, HPLC grade) was purchased from J.T Baker (NJ, USA). 
Oasis HLB, MCX, and WAX solid-phase extraction (SPE) cartridges were obtained from 
Waters (MA, USA). 
 
Sample collection 
Sampling area was set in accordance with the 「Sampling with probability 
proportionate to size」and species and number of samples were determined on the basis 
of the consumption of food according to the 「National Health and Nutrition 
Examination Survey, 2011」. Each sample was purchased at least two and sampling 
points within the sampling area were not biased.  
Therefore, livestock and marine products (n=369) including beef (n=75), pork (n=63), 
milk (n=77), egg (n=36), chicken (n=21), flatfish (n=23), jacopever (n=27), common eel 
(n=22), and shrimp (n=25) were purchased from different markets in Seoul, Busan, 
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Incheon, Daegu, Daejeon, Gwangju, Ulsan, and Jeju. Details were given in Fig. 2. All 
solid samples were finely ground with blender and stored in a freezer at -20℃ until use. 
 
Preparation of standard solution 
A stock solution of TMP (100 μg/mL) was dissolved in methanol (Burdick & 
Jackson) and stored at 4℃ in the dark. A new stock solution was prepared monthly. A 
working standard solution (1 μg/mL) was prepared daily diluting in 0.5% formic acid 
with 20% methanol (v/v). For quantification, a calibration curve for TMP was prepared at 
6 concentrations between 0-50 ng/mL (0, 1, 2, 5, 10, and 50 ng/mL) by using 0.5% formic 
acid in 20% methanol (v/v).  
 
Sample preparation and clean-up procedure  
Homogenized sample (1 g) of beef, pork, egg, chicken, flatfish, jacopever, common eel, 
and shrimp and 1 mL of milk were placed into a 50 mL disposable polypropylene 
centrifuge tube and subjected to extraction using 10 mL of acetonitrile (Burdick & 
Jackson). The mixture was homogenized (Heidolph Reax top, Heidolph, Schwabach, 
Germany) for 5 min, sonicated (Power sonic 520, Hwashin Tech., Seoul, Korea) for 10 
min, and centrifuged (Allegra X-22R, Beckman Coulter, Brea, CA, USA) at 1,000×g for 
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10 min. The supernatant was filtered through a syringe filter (Whatman
®
, PVDF 
membrane, pore size 0.45 μm) and evaporated under a gentle stream of nitrogen at 45℃ 
(EYELA GM-2200, Tokyo, Japan). The residue was dissolved in 2 mL of 20% methanol 
(v/v).  
An Oasis HLB cartridge was conditioned using 5 mL of methanol followed by 5 mL of 
distilled water. The entire volume of extract was applied to the HLB cartridge, which was 
subsequently washed with 2 mL of 5% ammonium hydroxide in 10% methanol (v/v). 
After drying the cartridge for 3 min, the residue was eluted using 2 mL of 2% formic acid 
in 80% methanol (v/v). The elution fraction obtained from SPE was diluted using 
deionized water (1:3) and filtered through a syringe filter (Whatman
®
, PVDF membrane, 
pore size 0.2 μm), after which the diluted eluate was injected into a UPLC-ESI-MS/MS 
apparatus. A schematic diagram of the sample preparation was presented in Fig 3. Every 
sample was analyzed in triplicate and results were expressed as a mean value of the total 
residue concentration ± standard deviation (SD). 
 
UPLC-ESI-MS/MS conditions 
LC analysis was performed using an Acquity Ultra Performance (Waters) and ESI-
MS/MS measurement was performed using a Quattro premier XE (Waters). Data were 
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recorded using MassLynx 4.1 software (Waters) on a personal computer. TMP was 
separated on an Acquity UPLC BEH C18 column (2.1 mm × 100 mm, 1.7 μm particle size, 
Waters). The binary mobile phases composed of 0.1% formic acid in deionized water (A) 
and 0.1% formic acid in acetonitrile (B) were used. The gradient conditions started at 5% 
B and increased to 80% B within 3 min, followed by holding at 80% B until 4 min. At 4.1 
min, the gradient was programmed to re-equilibrate the column for 1.9 min under initial 
conditions. The total time of analysis was 6.0 min. The flow rate was 0.3 mL/min and the 
injection volume was 20 μL in full-loop mode (Table 2).  
MS determination was performed with MRM experiments in ESI positive ion mode 
combined with monitoring of the most abundant MS/MS (precursor→product) ion 
transitions using a dwell time of 0.04s. Details were given in Table 3. The MS parameters 
were a capillary voltage of 3.5 kV, a source temperature of 150℃, a desolvation 




RESULTS & DISCUSSION 
 
Method validation 
The proposed method was validated following CODEX guidelines (FAO, 2009) for 
quantitative method. All results were consistent with the CODEX recommendation, 
which indicated that the proposed method was suitable for analyzing the TMP antibiotic. 
The linearity, limit of detection (LOD), and limit of quantitation (LOQ) for each 
species of matrices were shown in Table 4. The linearity was calibrated from 0 to 50 
ng/mL (6 points) and the squared correlation coefficient (r
2
) was greater than 0.999. The 
LOD is the lowest concentration of analyte that an analytical process can reliably 
differentiate from background levels, while the LOQ is the lowest concentration of 
analyte that can be quantified. LOD and LOQ values were calculated based on signal-to-
noise ratio (S/N) values of 3.3 and 10, respectively. The LOD ranged from 0.15 to 0.30 
μg/kg and the LOQ ranged between 0.5 and 1.0 μg/kg depending upon species of samples.  
Recovery of the analyte was replicated 6x at levels of 1/2×MRL, MRL, and 2×MRL in 
accordance with the Food Code in Korea (Table 5). The results of recovery were 76.84-
80.52% for beef, 81.13-90.81% for pork, 81.50-85.34% for milk, 83.68-87.04% for egg, 
87.92-95.55% for chicken, 72.18-81.07% for flatfish, 85.64-93.13% for jacopever, 75.05-
81.99% for common eel, and 70.08-80.03% for shrimp. The results were within the 
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acceptance criteria (60-120%) of the CODEX for validating analytical method (Fig. 4). 
Relative standard deviation (RSD, %) results were 3.52-9.60% for beef, 4.27-5.00% for 
pork, 2.84-5.85% for chicken, 3.53-4.57% for milk, 4.39-6.70% for egg, 2.74-8.29% for 
flatfish, 2.12-4.70% for jacopever, 2.22-4.33% for common eel, and 1.93-6.16% for 
shrimp. These values of results did not exceed 9.60%, indicating high precision and 
reliability of the method (Table 5).  
 
UPLC-ESI-MS/MS optimization 
Chromatographic conditions of UPLC were examined in order to acquire excellent 
separation and retention for the analytes. Some experiments were performed to test the 
different mobile phases consisting of acetonitrile and distilled water with formic acid 
(0.1%) or ammonium formate (5 mM). Therefore, the addition of 0.1% formic acid 
showed better results than ammonium formate, and improved the ionization efficiency. In 
addition, formic acid and acetonitrile had a significant impact on improving sharp peak 
shape and resolution for TMP (Lina et al., 2011; Junza et al., 2014). Other parameters 
such as gradient profile, flow rate, and injection volume were evaluated in order to 
acquire a reliable separation. The 6 min of run time was obtained with the optimum 
conditions for the separation of TMP and the UPLC system showed advantages with 
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respect to speed, sensitivity, and resolution as an attractive option for analysis of TMP in 
animal origin samples.  
In MS/MS system, the protonated molecular ion [M+H]
+
was selected as precursor ion 
for TMP, and the product ions were acquired according to the collision energy (eV). The 
ions in the MRM mode were produced by collision-activated dissociation of selected 
precursor ions in the collision cell of the triple quadrupole and analyzed with the second 
analyser of the instrument (Junza et al., 2011). Moreover, MRM mode increased the 
sensitivity and selectivity of the determination. Two transitions were followed for TMP; 
one was used for quantification and the other for identification. The most abundant ion 
was at m/z = 230. To obtain maximum sensitivity for TMP, MS/MS conditions such as, 
capillary voltage, source temperature, and desolvation temperature were optimized by 
direct infusion into the detector of standard solution (10 ng/mL). The acquired 
chromatogram showed a good resolution for TMP and was described in Fig. 5.  
TMP levels were determined using UPLC-ESI-MS/MS in all species of samples to 
avoid false positive errors due to matrix interference. Comparison with background noise 
levels in 9 species of matrices showed no interference peaks detected at the expected 
retention time of TMP. The detected samples were confirmed by the transition ion ratio. 
As shown in Fig.6, the intensity of quantitative ion (291>230) and qualitative ion 
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(291>123) were 1.42 e
6
 (100%) and 1.09 e
6
 (76.8%) in standard solution, and 3.69e
4
 
(100%) and 3.00 e
4
 (81.3%) in detected jacopever sample, respectively. The ion ratios of 
detected samples were agreed with those of standards.  
 
Optimization of sample preparation and SPE procedure 
 Sample preparation was concentrated on the establishment of the most proper 
conditions used for the extraction of TMP residue from livestock and marine products. 
This method involved the solid-liquid extraction, ultrasonic-assisted extraction, and a step 
of SPE to pre-concentrate and clean up extracts; the analytes were extracted with 
acetonitrile and purified by Oasis HLB cartridge.  
Several extraction solvent mixtures were tested. Each species of sample fortified with 
20 μg/kg of TMP was extracted with solutions of 80% and 100% acetonitrile/water (v/v). 
Additionally trichloroacetic acid in different ratio from 0 to 5% (v/v) was added to 
extraction solvent. As a result, the extraction of 100% acetonitrile (v/v) without the 
addition of trichloroacetic acid was shown to the most effective recoveries and lowest 
RSD (%) in 9 species of matrices. Furthermore, the final concentrated extract was 
dissolved in 10% methanol and 20% methanol, respectively. Thus, the recoveries were 
higher when the residue was dissolved in 20% methanol (Fig. 7).  
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Solvent extraction including centrifugation and syringe filtration was performed, which 
enabled deproteinization and defatting of samples and also elimination of matrix 
interference. Ultrasound is also an effective pretreatment because the energy promoted 
the step of sample preparation, such as dissolution, fusion, and leaching (De Castro and 
Da Silva, 1997; Marilena and Nikolaos, 2015).  
Furthermore, at this initial step of method development, extracts were directly injected 
into the UPLC-MS/MS apparatus without clean-up in order to confirm whether a clean-
up step was required or whether adequate results could be acquired without sample 
manipulation. Consequently, use of SPE cartridges showed a crucial effect on recovery of 
the analyte. The SPE cartridge purification step was kept as simple as possible for 
minimization of ion suppression effects due to the complexity of the sample matrix.  
In order to establish the optimum conditions for the SPE procedure we have considered 
the evaluation of 3 different SPE cartridges to clean up and preconcentrate the TMP in 
samples. The HLB cartridge is a high-performance, water-wettable copolymer and a 
hydrophilic-lipophilic balanced reversed-phase sorbent for acid, basic, and neutral 
compounds. The MCX cartridge is a mixed-mode cation exchange sorbent for bases, and 
the WAX cartridge is a mixed-mode weak anion exchange sorbent for strong acids. 
Mixed-mode sorbents provide both reversed-phase and ion exchange modes of retention, 
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enabling greater cleanup selectivity and sensitivity for both acidic and basic compounds 
(Waters, 2015). 
In this study, SPE clean-up procedures for analyte extracts in blank milk sample spiked 
with 20 μg/kg TMP was investigated using Oasis HLB, Oasis MCX, and Oasis WAX SPE 
cartridges. Both recoveries of MCX and WAX cartridge were ranged from 44.0 to 49.1% 
and HLB cartridge recovery was 86.4%. Thus, the HLB cartridge was used. Besides, the 
HLB cartridge is commonly available on the market and the type of sorbent covers a large 
variety of polarities. Therefore, the HLB cartridge is useful for dealing with a wide range 
of analytes (Perez-Burgos et al., 2012).  
Conditioning and equilibration of the SPE cartridge were performed with 100% 
methanol and 100% distilled water, respectively. Methanol was adequate for elimination 
of interference and for elution of TMP residues from cartridges. The ratio of organic 
solvents for washing and elution steps was investigated using basic and acidic solvents by 
spectrophotometer (UV-2550, Shimadzu, Kyoto, Japan). Consequently both 5% NH4OH 
in 10% methanol (washing solvent) and 2% formic acid in 80% methanol (elution 
solvent) showed improvement in recoveries (Fig. 8). The proper selection of the 




Application of the proposed method to animal products 
TMP was analyzed in 369 livestock and marine products including 75 beef, 63 pork, 77 
milk, 36 egg, 21 chicken, 23 flatfish, 27 jacopever, 22 common eel, and 25 shrimp (Table 
6). The results are listed in Table 7. The residues were detected in 7 marine product 
samples (1.9% incidence) ; 5 out of 27 jacopever samples (18.5% incidence), 1 out of 23 
flatfish samples (4.3% incidence), and 1 out of 22 common eel samples (4.3% incidence). 
Detected concentrations were 1.17 to 16.43 μg/kg in jacopever, 40.0 μg/kg in flatfish, and 
13.3 μg/kg in common eel. All detected product samples were shown below the legal 
residue limit of 20-50 μg/kg in Korea (Table 4). These residues of samples may be 
resulted from treatment or prevention of a particular type of infection/disease, or from 
contamination during production. 
Furthermore, the risk value based on the TMP exposure by food intake was calculated 
using the EDI (estimated daily intake) and ADI (acceptable daily intake). Compared with 
ADI (0.0042 mg/kg b.w./day), the risk value was safe level of 0.13%. Details were given 
in Table 8. As shown in Fig. 9, the food contribution for EDI was higher in jacopever 
(58.0%), flatfish (31.9%), and common eel (10.1%).  
Generally, a combination of TMP and sulfadiazine is sold under the name Aqua-
Sulprim
®  
made by the Korea Thumb Vet Company (Iksan, Korea). The combination of 
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trimethoprim and sulfadiazine is often medicated for treatment of vibriosis in flatfish, 
jacopever, common eel, and yellowtail in Korea (Chung, 2008). Furthermore, Won et al. 
(2011) were mentioned that the monitoring of TMP residue was necessary in marine 
products due to the combination use of sulfadiazine and TMP. It reported that sulfadiazine 
was found in 1 flatfish (14 μg/kg) and 1 jacopever (26 μg/kg). The level of sulfadiazine 
residue in marine products exhibited considerable similarity with results reported here in. 
Therefore, it will be necessary to implement a continuous monitoring of TMP and 
sulfonamide residues in livestock and marine products. 
In this study, the incidence of TMP residues was more common in jacopever. In Korea, 
the usual dose for fish is 6-30 mg/kg of body weight with a withdrawal period of 30 days 
(National institute of fisheries science, 2011). As well as, intensive farming, which can 
lead to a high potential for spread of infectious disease, has been maintained to satisfy an 
increasing demand for marine products in Korea. Moreover, pharmacokinetics in 
aquaculture and stockbreeding were affected by species specificity, health conditions, age, 
size, water temperature, and salinity (Quzhong and Xeumei, 2007). Thus, proper usage of 
veterinary drugs and observance of withdrawal periods were required.  
According to the Korean National Health & Nutrition Examination Survey, intake 
frequencies per week for livestock and marine products were between 0.5 and 2.6 times 
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for 12 years or older consumers (Korea Health Statistics 2011: Korea National Health and 
Nutrition Examination Survey, 2011). Besides, in Korea and other countries in Southeast 
Asia, many people traditionally consume a variety of livestock byproducts, such as blood, 
guts, and bones as foods (Choi et al., 2011) and enjoy jacopever and flatfish sashimi. 
Consequently, the survey of TMP residues in animal origin products is important in 





A simple and reliable method was developed for the rapid analysis of TMP residues in 
livestock and marine products using a UPLC-ESI-MS/MS system. The UPLC had a 
beneficial advantage in speed, sensitivity, and resolution. The sample preparation 
methods through the ultrasonic-assisted extraction and SPE clean-up procedure were 
increased the recovery and reduced the matrix effects. The recoveries of TMP in livestock 
and marine products were higher than 70%, and the LOD and LOQ values were lower 
than the established MRLs in Korea. Furthermore, acquired validation parameters fully 
complied with CODEX recommendations. 
A large number of animal origin products commercialized in Korea were analyzed and 
quantified using the proposed method. The residues of TMP were detected in 7 samples 
(1.9% incidence) but residue levels were below the MRL, and the risk value was safe 
level of 0.13%. Although TMP residues appeared to be at relatively safe levels in 
livestock and marine products, the possibility of antibiotic misuse and violation of 
withdrawal period could occur. Therefore, this monitoring of TMP in livestock and 




Table 1. Maximum residues limits of TMP in Korea  
Food mg/kg 
Cattle, Pig, Sheep, 
Goat, Poultry 
Muscle, Liver, Fat, Kidney 0.05 
Equine Muscle, Liver, Fat, Kidney 0.1 
Egg  0.02 




Table 2. Analytical conditions of LC-ESI-MS/MS for analysis of TMP 
 
 Items Conditions 
LC 
Instrument Acquity ultra performance LC 
Column Acuity UPLC BEH C18 (2.1×10 mm, 1.7 um) 
Mobile phase 
A: 0.1% formic acid in DW 
B: 0.1% formic acid in acetonitrile 
Gradient 
Time (min) A (%) B (%) 
Initial 95 5 
3.0 20 80 
4.0 20 80 
4.1 95 5 
6.0 95 5 
 
MS 
Flow rate 0.3 mL/min 
Injection volume 20 μL 
Instrument Quattro Premier XE 
Ionization mode ES+ 
Capillary voltage 3.5 kV 
Cone voltage 35 V 
Source temperature 150℃ 
Desolvation temperature 800℃ 
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230 35 22 
123 35 25 
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Beef 0.3 1.0 y=264.54x+69.95 0.9994 
Pork 0.3 1.0 y=219.34x+59.21 0.9991 
Chicken 0.15 1.0 y=256.33x+49.86 0.9991 
Milk 0.3 0.5 y=269.08x+63.84 0.9991 
Egg 0.3 1.0 y=226.14x+13.69 0.9995 
Flatfish 0.3 1.0 y=274.78x+130.61 0.9999 
Jacopever 0.3 1.0 y=288.73x+96.30 0.9993 
Common eel 0.3 1.0 y=233.06x+33.75 0.9997 
Shrimp 0.3 1.0 y=146.32x+104.75 0.9991 
a
 Limit of detection. 
b
 Limit of quantification. 
c
 x = concentration of TMP (μg/kg), y = intensity. 
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1/2 MRL 76.84±2.74 3.52 
MRL 78.18±3.77 4.82 
2 MRL 80.52±7.73 9.60 
Pork 
1/2 MRL 81.13±4.06 5.00 
MRL 90.81±4.49 4.94 
2 MRL 86.15±3.68 4.27 
Chicken 
1/2 MRL 87.92±2.50 2.84 
MRL 94.44±5.52 5.85 
2 MRL 95.55±3.68 3.19 
Milk 
1/2 MRL 85.34±3.67 4.30 
MRL 81.50±2.87 3.53 
2 MRL 84.71±3.87 4.57 
Egg 
1/2 MRL 85.29±3.63 4.25 
MRL 83.68±3.67 4.39 
2 MRL 87.04±5.83 6.70 
Flatfish 
1/2 MRL 72.18±1.88 2.74 
MRL 77.80±2.26  2.91 
2 MRL 81.07±6.72 8.29 
Jacopever 
1/2 MRL 85.64±2.98 3.48 
MRL 86.24±3.82 4.70 
2 MRL 93.13±1.97 2.12 
Common eel 
1/2 MRL 75.05±1.89 2.52 
MRL 81.99±3.55 4.33 
2 MRL 77.10±1.71 2.22 
Shrimp 
1/2 MRL 70.08±4.32 6.16 
MRL 80.03±2.11 2.64 
2 MRL 75.58±1.46 1.93 
a
 Standard deviation  
b
 Relative standard deviation 
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Table 6. Number of samples according to the sampling area 
 
 
Seoul Busan Incheon Daegu Gwangju Daejeon Ulsan Jeju Total 
Beef 33 14 8 8 3 3 4 2 75 
Pork 28 11 7 6 3 3 2 3 63 
Milk 34 14 9 7 4 4 2 3 77 
Chicken 6 3 2 2 2 2 2 2 21 
Egg 9 6 3 3 5 4 4 2 36 
Flatfish 6 3 2 2 2 2 2 4 23 
Common 
eel 
5 4 2 2 3 2 2 2 22 
Jacopever 8 4 2 2 2 2 3 4 27 
Shrimp 8 4 2 2 2 2 2 3 25 
Total 137 63 37 34 26 24 23 25 369 
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Table 7. Incidence and range of TMP level in 369 livestock and marine products  
 
















Flatfish n=23 1 40.0 
Common eel n=22 1 13.1 








Table 8. Assessment of dietary intake and risk value of detected antibiotics 












Jacopever 5/27 0.0012-0.0164 36.23 0.0000034 0.08 
Common 
eel 
1/22 0.0131 54.30 0.0000006 0.01 







 Number of detected sample/total sample 
2)
 From Korean National Health and Nutrition Examination Survey 
3)
 EDI (mg/person/day) = Food intake (kg/person/day) × detected concentration in food 
(mg/kg) 
4)
 Risk value (%) 
5)











































Fig. 2. The sampling number by areas according to the 「Sampling with probability 








Seoul 10.206 43.9 
Busan 3,359 15.2 
Incheon 2,840 12.2 
Daegu 2,508 10.8 
Gwangju 1,471 6.4 
Daejeon 1,525 6.6 
Ulsan 1,147 4.9 










Beef 75 0 
Pork 63 0 
Milk 77 0 
Chicken 21 0 
Egg 36 0 
Flatfish 23 1 
Common eel 22 1 
Jacopever 27 5 
Shrimp 25 0 






















Fig. 3. Schematic diagram of the extraction procedure for determination of TMP in 
livestock and marine products (Left; preparation of samples, Right; SPE clean-up 
procedure). 
Weigh 2 g sample into a 50 ml polypropylene 
tube 
Add 10 ml extraction solution (: Acetonitrile) 
Mix and ultrasonicate for 10 min 
Centrifuge at 4500 rpm for 10min  
Filter through 0.45 um syringe filter 
Evaporate to dry at 45℃ under a stream of 
nitrogen 
Dissolve in 2 ml of 20% methanol 
Condition/Equilibrate 
A. 5 ml methanol, B. 5 ml DW 
Load 2 ml sample (1~3 mL/min) 




Vacuum dry for 5 min 
Elute with 2 ml of 2% formic acid in 80% 
methanol (1~3 mL/min) 
Elute : DW= 1:3 












Fig. 4. Average recoveries measured in livestock and marine products. The results were 
within the acceptance criteria of the CODEX guideline (60-120%).  
CODEX guideline acceptable range 





Fig. 5. Chromatograms of TMP obtained from a pork muscle sample fortified at 10 μg/kg 
using UPLC-ESI-MS/MS in positive ion mode. For confirmation, 2 characteristic 
fragmentations of the protonated molecular ion [M+H]
+
 were monitored. The most 
abundant fragment (m/z 229.77) was used for quantification, while the other was used as 































Fig. 6. UPLC-ESI-MS/MS chromatogram of TMP standard solution (left) and detected 
jacopever samples (right). The detected samples were confirmed by the transition ion 
ratio. The intensity of quantitative ion (291>230) and qualitative ion (291>123) were 1.42 
e
6
 (100%) and 1.09 e
6
 (76.8%) in standard solution, and 3.69e
4
 (100%) and 3.00 e
4
 































Fig. 7. Optimization of samples preparation. TMP residue was extracted with 80% and 
100% acetonitrile, respectively (A). Additionally, trichloroacetic acid in different ratio 
from 0 to 5% was added to extraction solvent (B). As a result, the extraction of 100% 
acetonitrile (v/v) without addition of trichloroacetic acid was shown to the most effective 
recoveries. Furthermore, the recoveries were higher when the residue was dissolved in 
















Fig. 8. Optimization of the wash and elution step condition for the SPE procedure 
obtained by Spectrophotometer (270 nm). The optimal ratio of organic solvent was 5% 
NH4OH in 10% methanol for washing step and 2% formic acid in 80% methanol for 
elution step.  
 
Maximum % organic wash condition 
(Absorbance) 
Base modified wash condition (5%NH
4
OH) Acid modified elute condition (2%Formic acid) 





















Fig. 9. The food contribution for estimated daily intake from TMP residue. It was higher 
in jacopever (58.0%), flatfish (31.9%), and common eel (10.1%), respectively. There was 





Three specific and reliable methods were developed for the determination of 13 
quinolones, 9 cephalosporins, and TMP in livestock and marine products using UPLC-
ESI-MS/MS. The proposed method was validated according to the CODEX guidelines 
and all results were fully complied with CODEX recommendations. Good linearities were 
achieved and the correlation coefficients were ranged between 0.9990 and 0.9999. Both 
the LOD and LOQ were below the MRLs established by MFDS. The analytical methods 
using UPLC-ESI-MS/MS involved significant advantages with respect to high sensitivity, 
speed, and resolution, making them an attractive choice for the analysis of antibiotics 
residues in livestock and marine products. The sample preparation methods through solid-
liquid extraction, ultrasonic-assisted extraction, and SPE clean-up reduced the matrix 
effects and increased the recovery. Moreover, the matrix-matched calibration curves with 
internal standard played important roles in compensating for the matrix effects.  
A survey for 13 quinolones, 9 cephalosporins, and TMP residues was performed using 
the proposed method. The residues of quinolones were detected in 104 out of 310 (33.5% 
incidence) livestock and marine products below the MRLs. However, pefloxacin was 
detected in one common eel above the legal residue limit. Oxolinic acid, enrofloxacin, 
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and flumequine were the most commonly detected antibiotics. The residues of 9 
cephalosporins were detected in 12 out of 333 samples (3.6% incidence) and detected 
antibiotics were cefalonium in beef and cefquinome in milk. The residue of TMP was 
detected in only 7 out of 369 samples (1.9% incidence) below the MRLs. The risk values 
of 13 quinolones, 9 cephalosporins, and TMP were under safe levels. Although the 
residual concentration appeared to be at within the safety levels, the possibility of 
antibiotic misuse and violation of withdrawal period could occur. Therefore, the effort to 
refine and improve national system for monitoring and management of antibiotic residues 
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축·수산물 중 퀴놀론계∙세팔로스포린계 및 트리메토프림 
항생제에 대한 동시분석법 개발 및 잔류실태조사 
 
서울대학교 대학원 
수의학과 수의생화학 전공 
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(지도교수: 이 항) 
 
식생활 문화의 변화로 가축, 가금류 및 어류의 소비가 증가함에 따라, 
축·수산업의 형태는 대규모, 밀집사육으로 변하였다. 이로 인해 가축의 치료 
및 질병예방과 생산성 촉진을 위한 동물용의약품의 사용증가로, 소비자가 
항생제내성에 노출될 위험은 점점 커지고 있다. 또한 동물용의약품의 
오남용과 항생제 내성균의 문제는 국민건강에 해로운 영향을 미칠 수도 있다.  
국내 동물용의약품에 대한 식품 중 잔류허용기준은 1990년 약 40여종을 
설정한 이래 점차 확대 고시되어, 2015년 현재 총 185종에 대한 잔류허용 
기준이 설정·관리되고 있다. 또한 국제 규제 강화와 분석기술의 발달로 인해 
국내에서도 효율성이 낮은 시험법 개선에 대한 요구와 함께 국제적 수준의 
분석법의 도입이 이뤄지고 있다.  
따라서 본 연구에서는 퀴놀론계, 세팔로스포린계 항생제와 트리메토프림에 
대한 국제적 수준의 검사법을 마련하고, 이를 토대로 축·수산물 중 잔류실태 
조사를 수행하였다. 검체수집 비율은 「확률비례추출법」에 따라 서울 및 6대 
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광역시의 인구비율을 감안하여 설정하였고, 조사대상 식품은 「2011년 
국민건강영양조사」를 근거로 다소비 축∙수산식품 중 9종을 선정 하였다.  
Ⅰ. 축∙수산물 중 퀴놀론계항생제 13종 (시프로플록사신, 다노플록사신, 
플루메퀸, 디플록사신, 엔로플록사신, 마보플록사신, 날리딕스산, 옥소린산, 
노르플록사신, 오플록사신, 오비플록사신, 페플록사신, 사라플록사신)에 대한 
다성분 동시분석법을 확립하였다. 시료의 matrix의 영향을 최소화하고 
회수율을 높이기 위해 ‘matrix-matched 정량곡선’을 도입하고, 내부표준 
물질을 사용하였다. 또한 분석시간의 단축과 시료 중 극미량 잔류하는 
퀴놀론계 항생제를 검출하기 위해 UPLC-ESI-MS/MS를 이용하였다.  
국제식품규격위원회(CODEX) 지침에 따라 시험법 검증을 수행한 결과, 0.999 
이상의 직선성을 얻었으며, 축·수산물 9종에 대한 검출한계와 정량한계는 
각각 0.1, 0.4 μg/kg 이하였고, 높은 회수율 (83.0-104.7%)을 보여, CODEX에서 
제시한 검증 범위에 적합한 것으로 나타났다.  
본 연구에서 개발한 다성분 동시분석법을 토대로 잔류실태조사를 수행 
하였다. 유통 중인 축·수산물 310건 중 104건 (축산물 39건, 수산물 65건)의 
시료에서 검출되었고, 주로 검출된 퀴놀론계 항생제는 엔로플록사신, 플루메퀸 
및 옥소린산 이었다. 검출농도는 장어 1건을 제외하고 모두 국내잔류허용기준 
이하로 나타났다. 잔류량이 검출된 사라플록사신, 옥소린산 마보플록사신, 
플루메퀸, 엔로플록사신 및 디플록사신에 대한 위해도를 산출한 결과, 일일 
섭취허용량 대비 각각 0.201, 0.027, 0.007, 0.09 및 0.004%로 안전한 수준인 
것으로 나타났다. 또한 인체노출량에 대한 식품별 기여도는 사라플록사신-
우럭(63%), 옥소린산-장어(91%), 마보플록사신-넙치 (69%), 플루메퀸-우럭(45%), 
엔로플록사신-닭(71%) 및 디플록사신-새우 (86%)로 나타났다.    
Ⅱ. 세팔로스포린계 항생제 9종(세파세트릴, 세파졸린, 세파피린, 디아세틸세
파피린, 세팔렉신, 세팔로니움, 세푸록심, 세포페라존 및 세프퀴놈)에 대하여 
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축·수산물 중 다성분 동시분석법을 확립하였다. UPLC-ESI-MS/MS를 이용하였
고, MS/MS의 감도향상을 위해 Polarity Switching Mode를 도입하였으며, 세프
퀴놈과 브루신은 ESI(-) mode를 적용하여 분석의 특이성을 높였다. CODEX 지
침에 따라 시험법검증을 수행한 결과, 우수한 직선성을 나타냈으며, 검출한계
와 정량한계는 모든 시료에서 각각 8, 25 μg/kg 이하였다. 또한 matrix의 영
향을 줄이기 위해 matrix-matched정량곡선과 내부표준물질을 이용하였다. 이
를 통해 CODEX 지침에 따른 적합한 검증결과를 얻을 수 있었다.     
본 연구에서 개발한 다성분 동시분석법을 토대로 서울, 6대 광역시 및 제주
에서 유통 중인 축·수산물 333건에 대한 잔류실태조사를 수행한 결과, 12건
의 시료에서 잔류허용기준 이하로 세팔로스포린계 항생제(세팔로니움 11건, 
세프퀴놈 1건)가 검출되었으며, 검출된 시료 모두 축산물(소고기, 우유)이었다. 
검출된 세팔로니움과 세프퀴놈에 대한 위해도를 산출한 결과, 일일섭취허용량 
대비 각각 0.02%와 0.01%로 안전한 수준으로 나타났다.  
Ⅲ. UPLC-ESI-MS/MS를 이용하여 트리메토프림에 대한 분석법을 확립하였다. 
시료의 matrix 효과를 감소시키기 위하여 초음파추출과 정제카트리지를 이용
하였고, 이를 통해 평균회수율을 70% 이상으로 향상시켰다. 시험법검증을 수
행한 결과, 0.999 이상의 직선성을 얻었고, 검출한계와 정량한계는 모든 시료
에서 각각 0.3과 1.0 μg/kg 이하로 나타나, CODEX에서 제시한 검증 범위에 
적합한 결과를 얻었다. 
이를 토대로, 서울, 6대 광역시 및 제주에서 유통 중인 축·수산물 369건에 
대한 잔류실태조사를 실시한 결과, 넙치1건, 조피볼락 5건 및 장어 1건에서 잔
류허용기준 이하의 농도가 검출되었고, 축산물에서는 검출되지 않았다. 트리메
토프림에 대한 위해도를 산출한 결과, 일일섭취허용량 대비 0.13%로 안전한 
수준으로 나타났고, 인체노출량에 대한 식품별 기여도를 살펴 본 결과 우럭이 
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58%로 가장 높게 나타났으며, 넙치 32%, 장어 10% 순을 보였다.  
이상의 결과를 종합해 볼 때 국내 유통 중인 축·수산물 중 퀴놀론계, 
세팔로스포린계 항생제 및 트리메토프림에 대한 잔류량은 국내 잔류허용 
기준치 이하로 검출되어, 일일섭취허용량 대비 안전한 수준인 것으로 
나타났다. 그러나 세계보건기구에서 3, 4 세대 세팔로스포린계 항생제와 
퀴놀론계 항생제를 최우선적으로 관리가 필요한 그룹인 ‘CIA (Critically 
Important Antimicrobials for human medicine)’으로 지정하고 있고, 1 세대 및 
2 세대 세팔로스포린계 항생제와 트리메토프림을 ‘HIA (Highly Important 
Antimicrobials)로 지정하고 있다. 또한 동물보건기구에서는 퀴놀론계, 
세팔로스포린계 항생제 및 트리메토프림 모두 가장 중요한 항생제 그룹인 
‘VCIA (Veterinary Critically Important Antimicrobials)’으로 분류하고 있다. 
따라서 식품안전 및 국민건강과 국내 동물용의약품의 효율적인 사용을 위한 
잔류실태조사와 국제 수준에 맞는 시험법 개발 및 개선 등 제도적인 관리가 
지속적으로 필요할 것으로 판단된다.  
———————————————————————————————————— 
주요어: UPLC-MS/MS, 질량분석기, 모니터링, 항생제잔류 
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